DRIVING APPARATUS AND METHOD OF 
LIQUID CRYSTAL DISPLAY APPARATUS 



FIELD OF THE INVENTION 
The present invention relates to driving 
apparatus and driving method of liquid crystal display 
apparatus (a) that can suppress the scale of a circuit 
and reduce the power consumption of the circuit and (b) 
that is provided with a differential amplifier which is 
not affected by an offset voltage that happens to be 
generated due to the characteristic unevenness occurred 
by the manufacturing process. 

BACKGROUND OF THE INVENTION 
Figure 11 is a block diagram showing a typical 
liquid crystal display apparatus, having TFTs (Thin Film 
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Transistors), of active matrix type. 3801 shows a TFT 
liquid crystal panel, 3802 shows a source driver IC 
(Integrated Circuit) having a plurality of source 
drivers, 3803 shows a gate driver IC having a plurality 
of gate drivers, 3804 shows a control circuit, and 3805 
shows a liquid crystal driving power source { a power 
source circuit). 

The control circuit 3804 sends a vertical 
synchronizing signal to the gate driver IC 3803, and 
sends a horizontal synchronizing signal to the source 
j F»| driver IC 3802 and the gate driver IC 3803, respectively. 
Display data (respective display data that are separated 



to R, G, and B) that have been externally applied are 
sent to the source driver IC 3802 in a form of digital 
signal via the control circuit 3804. In the source 
driver IC 3802, the display data that have been 
inputted are latched in a time sharing manner, and then, 
are subjected to digital to analog conversion in 
synchronization with the horizontal synchronizing 
signal outputted from the control circuit 3804 so as to 
output an analog voltage for the gradation display via 
a liquid crystal driving output terminal. 

Figure 12 is a structural diagram of the TFT 
liquid crystal panel. 3901 shows a pixel electrode, 3902 
shows a pixel capacitance, 3903 shows a TFT switch 



(switching device), 3904 shows a source signal line, 
3905 shows a gate signal line, and 3906 shows an 
opposite electrode. 

To the source signal line 3904 a gradation 
display voltage that varies depending on the brightness 
of the display pixel is applied from the source driver 
IC 3802. To the gate signal lines 3905 scanning signals 
are applied from the gate driver IC 3803 so that the 
TFTs 3903 that are provided in a longitudinal direction 
are successively turned on. Voltages on the respective 
source signal lines 3904 are applied to the pixel 
electrodes 3901 that are connected with drains of the 
respective TFTs 3903 via the TFTs 3903 that are turned 
on. This causes the pixel capacitance 3902 formed 
between the pixel electrodes 3901 and the opposite 
electrode 3906 is charged, thereby resulting in that 
the light t ransmittance of the liquid crystal changes so 
as to carry out the display in accordance with the 
change in the light transmittance . 

Figures 13 and 14 exemplify how the wave form of 
the liquid crystal driving voltage changes. 4001 and 
4101 show wave forms of the driving voltages outputted 
from the source driver, respectively. 4002 and 4102 show 
wave forms of the driving voltages outputted from the 
gate driver, respectively. 4003 and 4103 show voltages 
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(electric potentials) of the opposite electrodes. 4004 
and 4104 show a voltage wave form of the pixel 
electrode . 

The voltage (see the oblique lines in Figures 13 
and 14) which is applied to the liquid crystal material 
is equal to the voltage difference between the pixel 
electrode 3901 and the opposite electrode 3906. It is 
necessary that the liquid crystal panel is driven by an 
alternating current voltage in order to secure the 
reliability for a long time. Figure 13 shows the 
following case. More specifically, when the output 
voltage of the source driver is greater than the voltage 

js ess 

'""^ of the opposite electrode 3906 , the TFT 3903 is turned 
on in response to the output signal of the gate driver, 
i'" A voltage showing a positive polarity with respect to 
□ the opposite electrode 3906 is applied to the pixel 
electrode 3901. Then, the TFT 3903 is turned off, so 
that such a voltage is maintained. 

In contrast. Figure 14 shows the following case. 
More specifically, when the output voltage of the source 
driver is smaller than the voltage of the opposite 
electrode 3906, the TFT 3903 is turned on in response to 
the output signal of the gate driver. A voltage showing 
a negative polarity with respect to the opposite 
electrode 3906 is applied to the pixel electrode 3901. 



Then, the TFT 3903 is turned off, so that such a 
voltage is maintained. Thus, when the wave form voltages 
of Figures 13 and 14 are alternately applied, it is 
possible that the liquid crystal material is driven by 
the applied voltage that is an alternating voltage. 

Figure 15 exemplifies the polarity arrangement, 
on the liquid crystal panel 3801, for the alternating 
of the driving voltage. This is called as a dot reverse 
driving. According to this type of driving, within a 
single display screen (frame), the positive polarity and 
negative polarity are alternated in a right and left 
direction and in an up and down direction, and the 
polarities are reversed for every frame. According to 
the driving, in the source driver IC 3802, when the 
voltage having a positive polarity is outputted via the 
odd-numbered output terminal for example, the voltage 
having a negative polarity is outputted via the even- 
numbered output terminal. In contrast, when the voltage 
having a negative polarity is outputted via the odd- 
numbered output terminal, the voltage having a positive 
polarity is outputted via the even-numbered output 
terminal . 

Figure 16 exemplifies a driving wave form of the 
source driver in the dot reverse driving. In Figure 16, 
4301 shows the output voltage wave form of the odd- 
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numbered output terminal. 4302 shows the output voltage 
wave form of the even-numbered output terminal. 4303 
shows the voltage of the. opposite electrode 3906. As 
shown in Figure 16, the voltages showing reverse 
polarities with respect to the opposite electrode 3906 
are always outputted from the odd-numbered output 
terminal and the e v e n - n u m b e r e d output terminal, 
respectively . 

..^ Figure 17 is one example of the block showing a 

Structure of the source driver IC 3802. Here, the 

/J following description only deals with the associated 

Ml 

l'^ source driver. Note that since a well known gate driver 
is adopted, the explanation thereof is omitted here. The 

□ respective display data (R, G, B) of the digital signal 
that has been inputted are stored in a sampling memory 

p 4404 in response to a shift register 4403 in a time 
sharing manner, and then are transmitted to a hold 
memory 4405 in synchronization with the horizontal 
synchronizing signal in a lump. The shift register 4403 
operates in response to a start pulse and a clock ( CK ) . 
The data of the hold memory 4405 are sent via a level 
shifter circuit 4406 to a D/A (Digital to Analog) 
converter circuit 4407 so as to be converted into analog 
voltages, respectively. Such analog voltages are sent 
to an output circuit 4408 from which driving voltages 



for the gradation display (liquid crystal driving 
voltages) are outputted via respective liquid crystal 
output terminals. The respective display data are 
latched and maintained by the hold memory 4405 for a 
horizontal synchronizing period. Then, the display data 
are fetched and latched in synchronization with the next 
horizontal synchronizing signal. 

Figures 18(a) and 18(b) are block diagrams 
exemplifying the output circuit of the source driver IC 
that carries out the dot reverse driving in accordance 
with a conventional art (the first conventional art) 
and showing the operation thereof. In Figures 18(a) and 
18(b), only the blocks of the respective reference 
numerals 440 5, 4407, and 4408 among the circuit 
elements shown in Figure 17 are shown as circuits 
corresponding to two output terminals. 

In Figures 18(a) and 18(b), 4501 shows a voltage 
follower which adopts operational amplifiers and is an 
output circuit that drives the odd-numbered output 
terminal. 4502 shows a voltage follower which adopts the 
same operational amplifiers as those of the voltage 
follower 4501 and is an output circuit that drives the 
even-numbered output terminal. Reference numerals 4503, 
4504, 4505, and 4506 show switches for the output 
alternating that switches the polarity of the output 



voltage of the liquid crystal driving output, 
respectively, 4507 shows a D/A converter circuit in 
which a voltage having a positive polarity is subjected 
to the digital to analog conversion. 4508 shows a D/A 
converter circuit in which a voltage having a negative 
polarity is subjected to the digital to analog 
conversion. Reference numerals 4509 and 4510 show hold 
memories that hold the display data, respectively. 4511 
shows the odd-numbered output terminal, and 4512 shows 
the even-numbered output terminal. In the operational 
amplifier 4501, a reference numeral 4513 is an 
operational amplifier of an N-channel MOS {Metal Oxide 
Semiconductor) input type. In the operational amplifier 
4502, a reference numeral 4514 is an operational 
amplifier of an N-channel MOS input type. In the 
operational amplifier 4501, a reference numeral 4515 is 
an operational amplifier of a P-channel MOS input type. 
In the operational amplifier 4502, a reference numeral 
4516 is an operational amplifier of a P-channel MOS 
input type. 

The following description deals with how the 
circuit having the foregoing structure carries out the 
alternating of the wave form of the liquid crystal 
driving . 

When the switches 4503 through 4506 for the 
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output alternating are in the states shown in Figure 
18(a), the display data for the odd-numbered output 
terminal 4511 that have been stored in the hold memory 
4509 are sent to the D/A converter circuit 4507 for the 
positive polarity, and are subjected to the digital to 
analog conversion so as to output an analog voltage to a 
liquid crystal panel 3801 from the odd-numbered output 
terminal 4511 via the voltage follower 4501. In this 
.Bt^ case, the output voltage becomes a liquid crystal 
"'t driving voltage having a positive polarity. 

-'^^ In contrast, when the switches 4503 through 4506 

•5 ' ! 

; for the output alternating are in the states shown in 

i» off 

•'^ Figure 18(b), the display data for the odd-numbered 

a 

output terminal 4511 that have been stored in the hold 
memory 4509 are sent to the D/A converter circuit 4508 
P for the negative polarity, and are subjected to the 
digital to analog conversion so as to output an analog 
voltage to the liquid crystal panel from the odd- 
numbered output terminal 4511 via the voltage follower 
4501. In this case, the output voltage becomes a liquid 
crystal driving voltage having a negative polarity. 

The polarity of the driving voltage of the even- 
numbered output terminal 4512 is reversed to that of 
the odd-numbered output terminal 4511. Namely, when the 
switches 4503 through 4506 for the output alternating 



are in the states shown in Figure 18(a), the display 
data for the even-numbered output terminal 4512 that 
have been stored in the hold memory 4510 are sent to the 
D/A converter circuit 4508 for the negative polarity, 
and are subjected to the digital to analog conversion 
so as to output an analog voltage to the liquid crystal 
panel from the even-numbered output terminal 4512 via 
the voltage follower 4502. In this case, the output 
voltage becomes a liquid crystal driving voltage having 
a negative polarity. 

In contrast, when the switches 4503 through 4506 
for the output alternating are in the states shown in 
Figure 18(b), the display data for the even-numbered 
output terminal 4512 that have been stored in the hold 
memory 4510 are sent to the D/A converter circuit 4507 
for the positive polarity, and are subjected to the 
digital to analog conversion so as to output an analog 
voltage to the liquid crystal panel from the even- 
numbered output terminal 4512 via the voltage follower 
4502. In this case, the output voltage becomes a liquid 
crystal driving voltage having a positive polarity. In 
Figures 18(a) and 18(b), the signal flowing of the odd- 
numbered output terminal is shown among the foregoing 
operations. Thus, the states shown in Figures 18(a) and 
18(b) are alternately switched by the switches 4503 
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through 4506 for the output alternating in accordance 
with the frame reversion, thereby carrying out the 
alternating of the driving wave form required for 
driving the liquid crystal panel 3801. 

According to the circuit configuration shown in 
Figures 18(a) and 18(b), a single output terminal is 
always driven by the same operational amplifiers both 
for the case of the output of the voltage having a 
positive polarity and the output of the voltage having 
. S a negative polarity. In general, as one of the important 
functions of the output terminal of the liquid crystal 
; driving circuit, the output dynamic range having a full 

^'^^ range of the operating power source voltages is required. 

When it is assumed to use MOS transistors of enhance 
1'^ type that are used in a general LSI, in order not to 
C3 have areas in which the MOS transistors do not 
appropriately operate with their threshold voltages, as 
shown in Figures 18(a) and 18(b), it is necessary that 
a single voltage follower circuit 4501 has both the 
operational amplifier 4513 of N-channel MOS transistor 
input type and the operational amplifier 4515 of P- 
channel MOS transistor input type. This causes the scale 
of the circuit to become large so as to result in the 
increase of the chip size in the case where the output 
circuit is subjected to the LSI. Furthermore, the power 



consumption of the circuit becomes large because two 
operational amplifier circuits are provided per one 
output . 

Figures 19(a) and 19(b) are block diagrams 
exemplifying the output circuit of the source driver IC 
that carries out the dot reverse driving in accordance 
with another conventional art (the second conventional 
art) and showing the operation thereof. In Figures 19(a) 
and 19(b), only the blocks of the respective reference 
numerals 4405, 4407, and 4408 among the circuit elements 
(the respective blocks) shown in Figure 17 are shown as 
circuits corresponding to two output terminals. 

In Figures 19(a) and 19(b), 4601 shows a voltage 
follower using an operational amplifier of N-channel MOS 
transistor input type. 4602 shows a voltage follower 
using an operational amplifier of P-channel MOS 
transistor input type. Reference numerals 4603, 4604, 
4605, and 4606 show switches for switching the polarity 
of the liquid crystal driving output voltage. 4607 shows 
a D/A converter circuit in which a voltage having a 
positive polarity is subjected to the digital to analog 
conversion. 4608 shows a D/A converter circuit in which 
a voltage having a negative polarity is subjected to 
the digital to analog conversion. Reference numerals 
4609 and 4610 show hold memories that hold the display 



data, respectively. 4611 shows the odd -number ed output 
terminal, and 4612 shows the e v e n - n u m b e r ed output 
terminal . 

The alternating of the output voltage shown in 
Figures 19(a) and 19(b), like the case shown in Figures 
18(a) and 18(b), is carried out by the switches 4603 
through 4606 for the output alternating. The difference 
therebetween resides in the following points (a) 
through (c). Namely, (a) the output signal of the D/A 
converter circuit 4607 for the positive polarity is 
directly sent to the operational amplifier 4601 of N- 
channel MOS transistor input type, (b) the output 
signal of the D/A converter circuit 4608 for the 
negative polarity is directly sent to the operational 
amplifier 4602 of P-channel MOS transistor input type, 
and (c) the output signals of the respective 
operational amplifiers are sent to target output 
terminals via the switches 4603 and 4604. 

Note that it is necessary to only provide a 
circuit of N-channel input type as the operational 
amplifier because the D/A converter circuit 4607 for the 
positive polarity outputs a signal having a voltage of 
not less than the half of the operating power source 
voltage. Similarly, it is necessary to only provide a 
circuit of P-channel input type as the operational 



amplifier because the D/A converter circuit 4608 for the 
positive polarity outputs a signal having a voltage of 
not more than the half of the operating power source 
voltage. According to the structure shown in Figures 
19(a) and 19(b), the number of the operational 
amplifiers for each output terminal is reduced to half 
of the structure shown in Figure 18(a) and 18(b). This 
allows to reduce the size of a chip and ensure the low 
power consumption . 

However, according to the structure shown in 
Figures 19(a) and 19(b), different operational 
amplifiers that drive a single output are used 
depending on whether it is of positive polarity type or 
of negative polarity type. More specifically, the output 
terminal for the liquid crystal driving shown in 
Figures 19(a) and 19(b) is driven by the operational 
amplifier 4601 when a voltage having positive polarity 
should be outputted (see Figure 19(a)), while the output 
terminal is driven by the operational amplifier 4602 
when a voltage having negative polarity should be 
outputted (see Figure 19(b)). The following description 
deals with a case where the operational amplifiers 4601 
and 4602 have offset voltages that happen to be 
generated due to the reason such as the unevenness of 
the characteristics occurred by the manufacturing 
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process, respectively. 
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4602 has an oJ^Tset voltage 
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For comparison. Figure 21 shows the wave form of 
the liquid crystal driving voltage for the structure 
shown in Figures 18(a) and 18(b). According to the 
structure shown in Figures 18(a) and 18(b), a single 
output circuit drives the voltages having positive and 
negative polarities, respectively. This results in that 
the deviations from the respective expectation voltages 
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are always equal to each other. The deviations are 
functioned to be canceled between the voltages having 
positive and negative polarities which are applied to 
the pixel. According to the structure shown in Figures 
18(a) and 18(b), the unevenness of the deviations among 
the output terminals for the liquid crystal driving is 
averaged in the display pixel. Thus, no problem arises 
during the display. 
r.^^ The foregoing second conventional art (see Figure 

: .FT; 

19) deals with the case where the voltages having 

i i''^ 

i'^: positive and negative polarities should be outputted by 
; the separate operational amplifier circuits, 

'""^ respectively. In contrast, well known is the third 
conventional art (for example, see Japanese unexamined 

C3 

1'"^ patent publication No. 11-305735 (publication date: 
O November 5, 1999) in which the respective further 
reductions of the circuit scale and the power 
consumption are realized. The following description 
deals with the third conventional art with reference to 
Figure 22. 

Figure 22 exemplifies the structure of a 
differential amplifier circuit in accordance with the 
third conventional art. Note that Figure 22 shows the 
case where N-channel MOS transistors are used as the 
inputting transistors . 
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In Figure 22, the reference numerals 101 and 102 
indicate the input transistors of N-channel MOS type, 
respectively. The reference numeral 103 indicates a 
constant current source that supplies the differential 
amplifier circuit with the operational current. The 
reference numeral 104 indicates a load resistor 
(resistor element) of the input transistor 101. The 
reference numeral 105 indicates a load resistor 
(resistor element) of the input transistor 102. The 
reference numerals 106 and 107 indicate switches for 
respectively switching the input signal. The reference 
numerals 108 and 109 indicate switches for respectively 
switching the output signal. The reference numeral 110 
indicates a noninverted input terminal (common-mode 
input terminal ) . The reference numeral 111 indicates an 
inverted input terminal (reverse-phase input terminal). 
The reference numeral 112 indicates a noninverted output 
terminal. The reference numeral 113 indicates an 
inverted output terminal. The reference numeral 114 
indicates a changeover signal input terminal via which a 
signal for simultaneously switching the switches 106 
through 109 is inputted. 

A differential amplifier circuit is composed of 
the input transistor 101, the load resistor 104, the 
input transistor 102, and the load resistor 105. The 
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input transistors 101 and 102 constitute a differential 
pair. The switches 106 through 109 are controlled by 
the changeover signal 114 in an interlocking manner. 

Figure 23 shows one example of operation of the 
circuit shown in Figure 22. Figure 24 shows another 
example of operation of the circuit shown in Figure 22. 
The following description deals with the operation of 
the differential amplifier circuit with reference to 
Figures 23 and 24. 

According to the operation shown in Figure 23, 
the noninverted input terminal 110 is connected with the 
gate of the input transistor 101 via the switch 106. An 

Is J» 

input signal inputted via the noninverted input 

□ terminal 110 is outputted by the function of the load 
1'^ resistor 104, that is connected with the drain of the 

□ input transistor 101, from an inverted output terminal 
113 as an inverted output signal via the switch 109. The 
inverted input terminal 111 is connected with the gate 
of the input transistor 102 via the switch 107. An input 
signal inputted via the inverted input terminal 111 is 
outputted by the function of the load resistor 105, that 
is connected with the drain of the input transistor 102, 
from a noninverted output terminal 112 as a noninverted 
output signal via the switch 108. Namely, the 
noninverted input signal is amplified by the input 



transistor 101 and the load resistor 104, while the 
inverted input signal is amplified by the input 
transistor 102 and the load resistor 105. 

In contrast, according to the operation shown in 
Figure 24, the noninverted input terminal 110 is 
connected with the gate of the input transistor 102 via 
the switch 107. An input signal inputted via the 
noninverted input terminal 110 is outputted by the 
function of the load resistor 105, that is connected 
with the drain of the input transistor 102, from the 
inverted output terminal 113 as an inverted output 
signal via the switch 109. The inverted input terminal 
111 is connected with the gate of the input transistor 
101 via the switch 106. An input signal inputted via the 
inverted input terminal 111 is outputted by the 
function of the load resistor 104, that is connected 
with the drain of the input transistor 101, from the 
noninverted output terminal 112 as a noninverted output 
signal via the switch 108. Namely, the noninverted 
input signal is amplified by the input transistor 102 
and the load resistor 105, while the inverted input 
signal is amplified by the input transistor 101 and the 
load resistor 104. 

As mentioned above, the amplifier circuits for 
the noninverted input signal and for the inverted input 
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signal are entirely changed and used according to the 
operations shown in Figures 23 and 24. 

With reference to Figures 25 and 26, the 
following description deals with the case where there 
exists the discrepancy of the characteristics, that 
happens to occur due to the reason of the manufacturing 
process or other reasons, between the input transistors 
101 and 102 and/or the load resistors 104 and 105 that 
constitute the differential amplifier circuit. 

When the difference occurs between the two 
circuit elements that should have originally the same 
characteristic, each output voltage deviates from its 
ideal voltage, so that an offset voltage occurs. Such 
deviations can be explained by a model in which one of 
i"^ the input terminals is connected with a constant 
P voltage source. Figures 25 and 26 show an example. The 
reference numeral 115 shown in Figure 25 and 26 is the 
model of the offset voltage that is realized by a single 
constant voltage source. Note that the switching device 
shown in Figure 25 is in the same conditions as those 
shown in Figure 23, and that the switching device shown 
in Figure 26 is in the same conditions as those shown 
in Figure 24. 

-jl^jO^ ^ — 2-S-, — th e con s tant voltag - c — source TT5 — irs 
y/^ inie c Ued wiLii th e inverted input termiTra-i — 111 via the ^ 
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^wi tcH i U — frr — Fiy ui e — 2-6-; — bh-e — cSTfstant voltage soured 
115 is connected with the noninverted input te^^inal 
110 via the switch 107. Thus, the dif f erentiair amplifier 
circuit uses the switches 106 through IP^ . This allows 
to switch between (a) the condition/in which an offset 
that happens to occur due to jtne unevenness in the 
differential amplifier circuit is inputted to the 
inverted input terminal/111 and (b) the condition in 
which such an offse;c is inputted to the noninverted 
input terminal 1/10. According to such two kinds of 
conditions , >c h e offsets of the noninverted output 
terminal 1^ and the inverted output terminal 111 have a 
same a<D solute value^ and have polarities that are 




•sed to each other. 

j^nc;^ in t he cas fi w^*^^^ — th e — opQT-ai-iQnf?, 1- amplifier 
has an offset voltage that happens to be generated^ 
to the reasons such as the characteristic liir^venness 
occurred by the manufacturing pr g^jzr^s s , ( a ) the 
deviation from the expectation vo>^age when the offset 
voltage having positive pora^ity should be outputted 
and (b) the deviation fr^erfn the expectation voltage when 
the offset vo 1 tage^^^fia vi ng negative polarity should be 
outputted are ^^'^al to each other. Accordingly, when the 
above oj^e^^tional amplifier is used in a liquid crystal 
d r i y £ rLa-— e-x i iJ u x L~, there o-c-€h^-£:^ no difference of the 



voltages that are applieyfl to the respective pixels of 
the liquid crystal dissplay apparatus. Thus, it is 
ensured to avoid the di/splay unevenness. 

Figure 27 shows another example of the 
differential amplifier circuit in accordance with the 
second conventional art. Figure 27 shows the case in 
which P-channel MOS transistors are used as the input 
transistors . 

In Figure 27, the reference numerals 601 and 602 
indicate the input transistors of P-channel MOS type, 
respectively. The reference numeral 603 indicates a 
constant current source that supplies the differential 
amplifier circuit with the operational current. The 
reference numeral 604 indicates a load resistor 
(resistor element) of the input transistor 601. The 
reference numeral 605 indicates a load resistor 
(resistor element) of the input transistor 602. The 
reference numerals 606 and 607 indicate switches for 
respectively switching the input signals. The reference 
numerals 608 and 609 indicate switches for respectively 
switching the output signals. The reference numeral 610 
indicates a noninverted input terminal (common-mode 
input terminal). The reference numeral 611 indicates an 
inverted input terminal (reverse-phase input terminal). 
The reference numeral 612 indicates a noninverted output 
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terminal. The reference numeral 613 indicates an 
inverted output terminal. The reference numeral 614 
indicates a changeover signal input terminal via which a 
signal for simultaneously switching the switches 606 
through 609 is inputted. 

The following description deals with the 
operation of Figure 27 with reference to Figures 28 and 
29 . 

According to the operation shown in Figure 28, 
the noninverted input terminal 610 is connected with the 
gate of the input transistor 601 via the switch 606. An 
input signal inputted via the noninverted input 
terminal 610 is outputted by the function of the load 
resistor 604, that is connected with the drain of the 
input transistor 601, from an inverted output terminal 
613 as an inverted output signal via the switch 609. The 
inverted input terminal 611 is connected with the gate 
of the input transistor 602 via the switch 607. An input 
signal inputted via the inverted input terminal 611 is 
outputted by the function of the load resistor 605, that 
is connected with the drain of the input transistor 602, 
from a noninverted output terminal 612 as a noninverted 
output signal via the switch 608. Namely, the 
noninverted input signal is amplified by the input 
transistor 601 and the load resistor 604, while the 



inverted input signal is amplified by the input 
transistor 602 and the load resistor 605. 

In contrast, according to the operation shown in 
Figure 29, the noninverted input terminal 610 is 
connected with the gate of the input transistor 602 via 
the switch 607. An input signal inputted via the 
noninverted input terminal 610 is outputted by the 
function of the load resistor 605, that is connected 
with the drain of the input transistor 602, from the 
inverted output terminal 613 as an inverted output 
signal via the switch 609. The inverted input terminal 
611 is connected with the gate of the input transistor 
601 via the switch 606. An input signal inputted via the 
inverted input terminal 611 is outputted by the 
function of the load resistor 604, that is connected 
with the drain of the input transistor 601, from the 
noninverted output terminal 612 as a noninverted output 
signal via the switch 608. Namely, the noninverted 
input signal is amplified by the input transistor 602 
and the load resistor 605, while the inverted input 
signal is amplified by the input transistor 601 and the 
load resistor 604. 

As mentioned above, the amplifier circuits for 
the noninverted input signal and for the inverted input 
signal are entirely changed and used according to the 
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operations shown in Figures 28 and 29. 

With reference to Figures 30 and 31, the 
following description deals with the case where there 
exists the discrepancy of the characteristics, that 
happens to occur due to the reason of the manufacturing 
process or other reasons, between the input transistors 
601 and 602 and/or the load resistors 604 and 605 that 
constitute the differential amplifier circuit. 

When the difference occurs between the two 
circuit elements that should have originally the same 
characteristic, each output voltage deviates from its 
ideal voltage, so that an offset voltage occurs. Such 
deviations can be explained by a model in which one of 
the input terminals is connected with a constant 
voltage source. Figures 30 and 31 show an example. The 
reference numeral 615 shown in Figure 30 and 31 is the 
model of the offset voltage that is realized by a single 
constant voltage source. Note that the switching device 
shown in Figure 30 is in the same conditions as those 
shown in Figure 28, and that the switching device shown 
in Figure 31 is in the same conditions as those shown 
in Figure 29. 

p t 1 g u r e 3 t) , the — c o n s t a n-t — vo 1 1 a g e_^jj-U-g-d-^ — &T 3 — irs 



connected^jftLi^t-h — t-he — imrerted input terminal 611 via the 
^^n^r^y^ — 607 -s — i-ft — Figure — 24r-, — tire — cuns Lau L — voltag e — s-Oitnii^ 
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6 1 5^ 1 - ^ — c - Q n n Q c t c d — with — t ^- ho — n i n r f p ^ 1 Eer m i n a 1 y 

610 via the switch 607. Thus, the differential amplifier 
circuit uses the switches 606 through 609 . This al/lows 
to switch between (a) the condition in which an/of f set 
that happens to occur due to the unevenne^s in the 
differential amplifier circuit is in pjat ted to the 
inverted input terminal 611 and (b) t^ne condition in 
which such an offset is inputted "bo the noninverted 
input terminal. According to/such two kinds of 
conditions, the offsets of tt/e noninverted output 
terminal 610 and the inverted oOatput terminal 611 have a 
same absolute value and l?i a ve polarities that are 
reversed to each other. / 

Thus, in the case/where the operational amplifier 
has an offset voltages that happens to be generated due 
to the reasons suizfh as the characteristic unevenness 
occurred by tj?ie manufacturing process, (a) the 
deviation froir/ the expectation voltage when the offset 
voltage havirng positive polarity should be outputted 
and (b) th4 deviation from the expectation voltage when 
the offset voltage having negative polarity should be 
output/ted are equal to each other. Accordingly, when the 
abov^ operational amplifier is used in a liquid crystal 
dryiving circuit, there occurs no difference of the 
yoltages that.5j::.e — a-p^Tied to the respective pixels of 



the liquid crystal display apparatus. Thus, it is 
ensured to avoid the display unevenness. 

Figure 32 shows a circuit configuration in which 
the load element of the differential amplifier circuit 
shown in Figure 22 is replaced with an active load 
having a current mirror structure. Figure 32 shows the 
case where N-channel MOS transistors are used as the 
input transistors. 

In Figure 32, the reference numerals 1101 and 
1102 indicate the input transistors of N-channel MOS 
type, respectively. The reference numeral 1103 indicates 
a constant current source that supplies the 
differential amplifier circuit with the operational 
current. The reference numeral 1104 indicates a load 
transistor, made of P-channel MOS, of the input 
transistor 1101. The reference numeral 1105 indicates a 
load transistor, made of P-channel MOS, of the input 
transistor 1102. The reference numerals 1106 and 1107 
indicate switches for respectively switching the input 
signals. The reference numerals 1108 and 1109 indicate 
switches for respectively switching the output signals. 
The reference numeral 1110 indicates a noninverted 
input terminal (common-mode input terminal). The 
reference numeral 1111 indicates an inverted input 
terminal (reverse-phase input terminal). The reference 



numeral 1112 indicates a noninverted output terminal. 
The reference numeral 1113 indicates an inverted output 
terminal. The reference numeral 1114 indicates a 
changeover signal input terminal via which a signal for 
simultaneously switching the switches 1106 through 1109 
is inputted.. 

The differential amplifier circuit is different 
from the structure (passive load) shown in Figure 22 in 
that the load element is an active load having such a 
current mirror structure made of transistors. In the 
operation corresponding to the operation shown in Figure 
23, a noninverted input signal is amplified by the 
input transistor 1101 and the load transistor 1104, 
while an inverted input signal is amplified by the input 
transistor 1102 and the load transistor 1105. In 
contrast, in the operation corresponding to the 
operation shown in Figure 24, a noninverted input signal 
is amplified by the input transistor 1102 and the load 
transistor 1105, while an inverted input signal is 
amplified by the input transistor 1101 and the load 
transistor 1104. 

According to any one of the foregoing cases, the 
load transistors 1104 and 1105 constitute a current 
mirror structure. This allows that the current flowing 
through the load transistors 1104 and 1105 are always 
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equal to each other even when the characteristic 
unevenness occurs between the two load transistors 1104 
and 1105. This results in that the noninverted input 
signal and the inverted input signal are amplified in 
accordance with the same amplification, thereby 
ensuring to obtain an output wave form that is 
bisymmetry . 

As mentioned above, the amplifier circuits for 
the noninverted input signal and for the inverted input 
signal are entirely changed and used even in the case of 
the structure shown in Figure 32. 

^^J^ fcl U i-n b- h & — na^R wher p j-Vioi-o e-JMrs-fg the 

(7U(S> ^^^^^^ 
discrepancy of the characteristics, that happ^-nr^ to 

occur due to the reason of the manuf actur injg-'^rocess or 

other reasons, between the input tranjs^stors 1101 and 

1102 that constitute the differential amplifier circuit, 

the structure similar to tlvar^ shown in Figure 22 is 

realized although the det^KLl is not described here. Thus, 

the differential a mjyii fier circuit uses the switches 

1106 through 1 1 0/9 . This allows to switch between (a) 

the conditimr in which an offset that happens to occur 

due to tKe unevenness in the differential amplifier 

circu^dTt is inputted to the inverted input terminal 1111 

a/n d (b) the condition in which such an offset is 

inputted to the nonxnvei! L e-d — i-npn-h ^oT-mjnal 1110. 
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A c - Gording to — STT^Ti two kinds of conditions, the offsets 
of the noninverted output terminal 1110 and the inverte^e 
output terminal 1111 have a same absolute valueyand 
have polarities that are reversed to each other* 

Thus, in the case where the operationa/l amplifier 
has an offset voltage that happens to be/generated due 
to the reasons such as the cha r acte rX s t i c unevenness 
occurred by the m a n u f a c t u r i n g Xp r o c e s s , (a) the 
deviation from the expectation yoltage when the offset 
voltage having positive pola/fity should be outputted 

:=-J and (b) the deviation fromythe expectation voltage when 

\S\ / 

p the offset voltage havii^ negative polarity should be 

C9 outputted are equal tc/ each other. This results in that 

\i / 

P the diffe rence component between the two deviations is 

^ not remained as arfi error voltage in the average voltage 

J / 

p of the driving/ voltages that are applied to the liquid 
crystal display pixels. Accordingly, when the above 
operatio/iial amplifier is used in a liquid crystal 
driving circuit, there occurs no difference of the 
voltages that are applied to the respective pixels of 
thd liquid crystal display apparatus. Thus, it is 



^s xin od to — a vuiCTthe display unevenness. ' 

Figure 33 shows a circuit configuration in which 
the load element of the differential amplifier circuit 
shown in Figure 27 is replaced with an active load 



having a current mirror structure. Figure 33 shows the 
case in which P-channel MOS transistors are used as the 
input transistors. 

In Figure 33, the reference numerals 1201 and 
1202 indicate the input transistors of P-channel MOS 
type, respectively. The reference numeral 1203 indicates 
a constant current source that supplies the 
differential amplifier circuit with the operational 
current. The reference numeral 1204 indicates a load 
transistor (resistor element) of the input transistor 

1201. The reference numeral 1205 indicates a load 
transistor (resistor element) of the input transistor 

1202. The reference numerals 1206 and 1207 indicate 
switches for respectively switching the input signals. 
The reference numerals 1208 and 1209 indicate switches 
for respectively switching the output signals. The 
reference numeral 1210 indicates a noninverted input 
terminal (common-mode input terminal). The reference 
numeral 1211 indicates an inverted input terminal 
(reverse-phase input terminal). The reference numeral 
1212 indicates a noninverted output terminal. The 
reference numeral 1213 indicates an inverted output 
terminal. The reference numeral 1214 indicates a 
changeover signal input terminal via which a signal for 
simultaneously switching the switches 1206 through 1209 



is inputted. 

The circuit configuration shown in Figure 33 is 
different from the structure (passive load) shown in 
Figure 27 in that the load element is an active load 
having such a current mirror structure made of 
transistors. In the operation corresponding to the 
operation shown in Figure 28, a noninverted input 
signal is amplified by the input transistor 1201 and 
the load transistor 1204, while an inverted input signal 
is amplified by the input transistor 1202 and the load 
transistor 1205. In contrast, in the operation 
corresponding to the operation shown in Figure 29, a 
noninverted input signal is amplified by the input 
transistor 1202 and the load transistor 1205, while an 
inverted input signal is amplified by the input 
transistor 1201 and the load transistor 1204. 

According to any one of the foregoing cases, the 
load transistors 1204 and 1205 constitute a current 
mirror structure. This allows that the current flowing 
through the load transistors 1204 and 1205 are always 
equal to each other even when the characteristic 
unevenness occurs between the two load transistors 1204 
and 1205. This results in that the noninverted input 
signal and the inverted input signal are amplified in 
accordance with the same amplification, thereby 



ensuring to obtain an output wave form that is 
bisymmetry . 

As mentioned above, the amplifier circuits for 
the noninverted input signal and for the inverted input 
signal are entirely changed and used even in the case of 
the structure shown in Figure 33. 

Even in the case where there exists the 
discrepancy of the characteristics, that happens to 
occur due to the reason of the manufacturing process or 
other reasons, between the input transistors 1201 and 
1202 that constitute the differential amplifier circuit, 
the structure similar to that shown in Figure 27 is 
realized although the detail is not described here* Thus, 
the differential amplifier circuit uses the switches 
1206 through 1209. This allows to switch between (a) 
the condition in which an offset that happens to occur 
due to the unevenness in the differential amplifier 
circuit is inputted to the inverted input terminal 1211 
and (b) the condition in which such an offset is 
inputted to the noninverted input terminal 1210. 
According to such two kinds of conditions, the offsets 
of the noninverted output terminal 1210 and the inverted 
output terminal 1211 have a same absolute value and 
have polarities that are reversed to each other. 

Thus, in the case where the operational amplifier 



has an offset voltage that happens to be generated due 
to the reasons such as the characteristic unevenness 
occurred by the manufacturing process, (a) the 
deviation from the expectation voltage when the offset 
voltage having positive polarity should be outputted 
and (b) the deviation from the expectation voltage when 
the offset voltage having negative polarity should be 
outputted are equal to each other. This results in that 
the difference component between the two deviations is 
not remained as an error voltage in the average voltage 
of the driving voltages that are applied to the liquid 
crystal display pixels. Accordingly, when the above 
operational amplifier is used in a liquid crystal 
driving circuit, there occurs no difference of the 
voltages that are applied to the respective pixels of 
the liquid crystal display apparatus. Thus, it is 
ensured to avoid the display unevenness. 

The following description deals with an example 
which embodies a differential amplifier circuit 1301 
that is equivalent to the differential amplifier circuit 
shown in Figure 32, switches, and an output section 
with reference to Figure 34. Note that each of the 
operational amplifiers shown in Figure 34 is of N- 
channel MOS input type. 

In Figure 34, the reference numeral 1301 



indicates the differential amplifier circuit shown in 
Figure 32, the reference numeral 1302 indicates a 
noninverted input terminal, the reference numeral 1303 
indicates an inverted input terminal* The reference 
numerals 1304 and 1305 indicate switch changeover 
signal input terminals, respectively. The reference 
numerals 1306 through 1309 indicate switches, 
respectively. The reference numerals 1310 through 1313 
indicate switches, respectively. The reference numerals 
1314 and 1315 are input transistors of N-channel MOS 
type, respectively. The reference numerals 1316 and 
1317 indicate load transistors of P-channel MOS type 
that are active loads for the input transistors, 
respectively. The reference numeral 1318 indicates an 
output transistor of P-channel MOS type. The reference 
numeral 1319 indicates an output transistor of N-channel 
MOS type. The reference numeral 1320 indicates an 
output terminal. The reference numeral 1321 indicates a 
bias voltage input terminal for providing an operating 
point of the operational amplifier. A circuit in which 
the differential amplifier circuit 1301 is replaced 
with the load resistor shown in Figure 22 carries out 
the same operations as the following description. 
Therefore, the detail explanation is omitted here. 

In Figure 34, the reference numerals 1304 and 
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1305 correspond to the switch changeover signal input 
terminal 1114 shown in Figure 32. The terminals 1304 
and 1305 receive respective signals whose polarities are 
reversed to each other. The following description deals 
with the circuit operation in accordance with the 
switch changeover signal with reference to Figures 35 
and 3 6. 

In Figure 34, the input transistors 1314 and 1315 
correspond to the input transistors 1101 and 1102 shown 
in Figure 32, respectively. The load transistors 1316 

'':''J, and 1317 correspond to the load transistors 1104 and 

V i 

1105 shown in Figure 32, respectively. 
'■'^ In Figure 34, the reference numerals 1307 and 

Q 1309 correspond to the switch 1106 shown in Figure 32, 

1— the reference numerals 1306 and 1308 correspond to the. 

l3 switch 1107 shown in Figure 32, the reference numerals 

It 

1310 and 1313 correspond to the switch 1108 shown in 
Figure 32, the reference numerals 1311 and 1312 
correspond to the switch 1109 shown in Figure 32, and a 
transistor 1322 corresponds to the constant current 
source 1103 shown in Figure 32. 

When a signal of "L" level (low level) is applied 
to the switch changeover signal input terminal 1304, 
the switches 1306, 1307, 1310, and 1311 are turned on, 
because the switches are P-channel MOS transistors as 
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shown in Figure 35. In this case, since a signal of "H" 
level (high level) is applied to the switch changeover 
signal input terminal 1305, the switches 1308, 1309, 
1312, and 1313 are turned off. A noninverted input 
signal 1302 is sent to the input transistor 1315 via the 
switch 1306. An inverted input signal 1303 is sent to 
the input transistor 1314 via the switch 1307. A gate 
signal is sent to the load transistors 1316 and 1317 
via the switch 1310. A gate signal is sent to the output 
transistor 1318 via the switch 1311. In the case of 
Figure 35, the noninverted input signal is amplified by 
the circuit that is constituted by the input transistor 
1315 and the load transistor 1317, while the inverted 
input signal is amplified by the circuit that is 
constituted by the input transistor 1314 and the load 
transistor 1316. 

CTi — a signal of — "-ir^ — 1 o v o 1 — ir-s — a pp 1 1 «=f Q — t-o — ^ 



switch changeover signal input terminal , the 

switches 1308 , 1309 , 1312 , and 1313 turned on, in 

Figure 36. In this case, since a^.-'^^gnal of "H" level is 
applied to the switch chaj^g^over signal input terminal 
1304, the switch e s^ 306, 1307, 1310, and 1311 are 
turned off. Tb-e'noninverted input signal 1302 is sent 
to the ija^ut transistor 1314 via the switch 1308 . The 
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transistor 1315_ via the switch 1309. The gate signal is 
sent to the load transistors 1316 and 1317 via the 
switch 1313. The gate signal is sent to the a*rt:put 
transistor 1318 via the switch 1312. In J^^te case of 
Figure 36, the noninverted input s>gtra^l is amplified by 
the circuit that is consti^t-w€ed by the input transistor 
1314 and the load tparfisistor 1316, while the inverted 
input signa l^^^dTs amplified by the circuit that is 
consti tji-tfed by the input transistor 1315 and the load 
rCor 131/. 

As shown in Figures 35 and 36, the present 
differential amplifier circuit switches the switches 
1306 through 1313 so that the amplifier circuits for 
the noninverted input signal and for the inverted input 
signal can be replaced with each other. This allows that 
even when offsets that happen to occur due to the 
unevenness in the manufacturing process of the 
differential amplifier circuit is generated, the offsets 
have a same absolute value and have polarities that are 
reversed to each other for the foregoing two conditions. 
Accordingly, it can be realized by changing the switches 
1306 through 1313 that the offsets, having the 
unevenness, occurred in the operational amplifier have a 
same absolute value and have polarities that are 
reversed to each other. This allows to cancel the 
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of f sets . 



The following description deals with an example 
which embodies a differential amplifier circuit 1601 



that is equivalent to the differential amplifier circuit 



shown in Figure 33, switches, and an output section 



with reference to Figure 37. Note that Figure 37 shows 



an operational amplifier of P-channel MOS input type. 



In Figure 37, the reference numeral 1602 



indicates a noninverted input terminal. The reference 
numeral 1603 indicates an inverted input terminal. The 



j'l! reference numerals 1604 and 1605 indicate switch 

f"^ changeover signal input terminals, respectively. The 

i=0 reference numerals 1606 through 1609 indicate switches, 

C3 respectively. The reference numerals 1610 through 1613 

!•* indicate switches, respectively. The reference numerals 

p 1614 and 1615 are input transistors of P-channel MOS 
type, respectively. The reference numerals 1616 and 



1617 indicate load transistors of N-channel MOS type 
that are active loads for the input transistors. 



respectively. The reference numeral 1618 indicates an 



output transistor of N-channel MOS type. The reference 



numeral 1619 indicates an output transistor of P-channel 



MOS type. The reference numeral 1620 indicates an 



output terminal. The reference numeral 1621 indicates a 



bias voltage input terminal for providing an operating 
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point of the operational amplifier. A circuit in which 
the differential amplifier circuit 1601 is replaced 
with the load resistor shown in Figure 27 carries out 
the same operations as follows. Therefore, the detail 
explanation is omitted here. 

In Figure 31, the input transistors 1614 and 1615 
correspond to the input transistors 1201 and 1202 shown 
in Figure 33, respectively. The load transistors 1616 
and 1617 correspond to the load transistors 1204 and 
1205 shown in Figure 33, respectively. In Figure 37, the 
reference numerals 1607 and 1609 correspond to the 
switch 1206 shown in Figure 33, the reference numerals 
1606 and 1608 correspond to the switch 1207 shown in 
Figure 33, the reference numerals 1611 and 1612 
correspond to the switch 1209 shown in Figure 33, and 
the reference numeral 1622 corresponds to the constant 
urrent source 1203 in Figure 33. 




*T~jOS ^ VJ/b;-6Ji — a — 3 i g n -gH: — Q-f '^TT" level i n i g n — level ) — 
^applied to the switch changeover signal inpirt^-^Terminal 
1604, the switches 1606, 1607, 1 6>e^ and 1611 are 
turned on, because the swi tchp^s^are N-channel MOS type 
transistors as shown in^^^PTgure 38. In this case, since a 
signal of "L" J^-e^ve 1 (low level) is applied to the 
switch c hpKfTg eover signal input terminal 1605, the 

and 1613 a"r^ — trcr r - n g d off , — A- 



swi tcKes 1 6 ( 
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n <>fi4rft-v-HTTe'd in put s £~gna X 1602 — ar-s — oont — t-o — the iirgu t 

transistor 1615 via the switch 1606 . An inverted ^imput 
signal 1603 is sent to the input t rans i st<>p/l 6 1 4 via 
the switch 1 6 0 7 . A gate signal is soja^ to the load 
transistors 1616 and 1617 via the^^itch 1610. A gate 
signal is sent to the output^^ r ansistor 1618 via the 
switch 1611. In the case,x5r Figure 38, the noninverted 
input signal is ajjv^lified by the circuit that is 
constituted bv^tThe input transistor 1615 and the load 
t r ans i s to rX± 6 1 7 , while the inverted input signal is 
amplJ^^-dCed by the circu^i ^ that is ^ ^jis,tj,t- u t e d h.y the 
input — transistor 1614 and the load transistor 16^6. 

When a signal of "H" level is applAed to the 
switch changeover signal input terminafl 16 0 5 , the 
switches 1608, 1609, 1612, and 1613 ar^ turned on, in 
Figure 39. In this case, since a sig/fal of "L" level is 
applied to the switch changeover ysignal input terminal 
1604, the switches 1606, 16/0 7, 1610, and 1611 are 
turned off. The noninverte^a input signal 1602 is sent 
to the input transistor/i614 via the switch 1608. The 
inverted input s al 1603 is sent to the input 
transistor 1615 v<fa the switch 1609 . The gate signal is 
sent to the/load transistors 1616 and 1617 via the 
switchx^l3. The gate signal is sent to the output 
t r a/rfs istor 1618 via the switch 161 2. In the case of 
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the circuit that is constituted by the inpAa-lf^ransi stor 
1614 and the load transistor 161.&-r^hile the inverted 
input signal is ajnp-Jr-irfTe d by the circuit that is 
consti tuJ^etTby the input transistor 1615 and the load 

As shown in Figures 38 and 39, the present 
differential amplifier circuit switches the respective 
switches 1606 through 1613 so that the amplifier 
circuits for the noninverted input signal and for the 
inverted input signal can be replaced with each other. 
This allows that even when offsets that happen to occur 
due to the unevenness in the manufacturing process of 
the differential amplifier circuit is generated, the 
offsets have a same absolute value and have polarities 
that are reversed to each other for the foregoing two 
conditions. Accordingly, it can be realized by changing 
the switches 1606 through 1613 that the offsets, having 
the unevenness, occurred in the operational amplifier 
have a same absolute value and have polarities that are 
reversed to each other. Note that a dotted line 
indicates the flow of the signals in Figures 38 and 39. 

Figures 40 and 41 are block diagrams showing a 
liquid crystal driving circuit that adopts the foregoing 
differential amplifier circuit and carries out the dot 



reverse driving. Figures 40 and 41 respectively show 
only the part of two neighboring output circuits, and 
show the respective operations for the case where the 
polarity of the liquid crystal driving voltage is 
changed . 

In Figures 40 and 41, the reference numeral 2101 
indicates the operational amplifier of N-channel MOS 
transistor input type shown in Figure 34, the reference 
numeral 2102 indicates the operational amplifier of P- 
channel MOS transistor input type shown in Figure 37. 
The reference numeral 2103 indicates a D/A converter 
circuit that generates a liquid crystal driving voltage 
having a positive polarity. The reference numeral 2104 
indicates a D/A converter circuit that generates a 
liquid crystal driving voltage having a negative 
polarity. The reference numerals 2105 through 2108 
indicate switches by which the liquid crystal driving 
voltage is made to be an A.C. voltage. The reference 
numeral 2109 indicates a latch circuit that stores the 
display data of the odd-numbered output terminals, and 
the reference numeral 2110 indicates a latch circuit 
that stores the display data of the even-numbered output 
terminals. The reference numeral 2111 indicates the 
odd-numbered output terminal, and the reference numeral 
2112 indicates the even-numbered output terminal. The 



reference numeral 2113 indicates an alternation switch 
changeover signal input, and the reference numeral 2114 
indicates the switch changeover signal for the 
operational amplifier shown in Figures 34 and 37. Note 
that the latch circuits 2109 and 2110 indicate the hold 
memory shown in Figure 17 and the explanation is made 
without a level shifter circuit (with omitting a level 
shifter circuit). 

The following description deals with the 
operation of the odd-numbered output terminal with 
reference to these drawings. As to the even-numbered 
output terminal, the same operation is carried out 
except for the fact that the polarity of the driving 
voltage is reversed to that of the odd-numbered output 
terminal. Therefore, the detail explanation is omitted 
here. 

Figure 40 shows the case where (a) a driving 
voltage having positive polarity is outputted via the 
odd-numbered output terminal 2111 and (b) a driving 
voltage having negative polarity via the even-numbered 
output terminal 2112. In this case, the display data of 
the odd-numbered output terminal is sent from the latch 
circuit 2109 to the po s i t i v e - po 1 a r i t y D/A converter 
circuit 2103 via the switch 2105. The output signal of 
the positive-polarity D/A converter circuit 2103 is sent 
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to the operational amplifier 2101 so as to be outputted 



from the odd-numbered output terminal 2111 via the 



switch 2107 (see the thick line shown in Figure 40). 



Figure 41 shows the case where (a) a driving 



voltage having negative polarity is outputted via the 



odd-numbered output terminal 2111 and (b) a driving 



voltage having positive polarity via the even-numbered 



output terminal 2112. In this case, the display data of 



the even-numbered output terminal is sent from the 
'''^ latch circuit 2109 to the negative-polarity D/A 
converter circuit 2104 via the switch 2106. The output 



1'^ signal of the negat i ve - po 1 ar i ty D/A converter circuit 
^s'tJ 2104 is sent to the operational amplifier 2102 so as to 

□ be outputted from the odd-numbered output terminal 2111 
via the switch 2107 (see the thick line shown in Figure 

. =it 

□ 41). 

The following description deals with the case 



where each operational amplifier has an offset voltage 



that happens to be generated by the characteristic 



unevenness due to the reason occurred in the 



manufacturing process of the operational amplifier or 



other reasons. As has been described, the switch 



changeover signal allows the polarity of the offset 



voltage in the operational amplifier to be reversed. In 



this case, since the absolute values of the offset 



voltages are equal to each other, it is assumed that (a) 
the changing into an offset voltage A or an offset 
voltage -A is made by the operational amplifier 2101 and 
(b) the changing into an offset voltage B or an offset 
voltage -B is made by the operational amplifier 2102. 
Under the above assumptions (a) and (b), the output 
voltage of the odd-numbered output terminal has the 
offset voltage A or -A when an output voltage having 
positive polarity should be outputted from the odd- 
numbered output terminal, and the output voltage of the 
odd-numbered output terminal has the offset voltage B or 
-B when an output voltage having negative polarity 
should be outputted from the odd-numbered output 
terminal. The polarity of the offset voltage is 
selected in accordance with the switch changeover 
signal of the foregoing operational amplifier. 

Figure 3 shows a concrete example of the 
structure of the differential amplifier circuit 2115 
shown in Figures 40 and 41. In Figure 3, the reference 
numeral 2301 corresponds to the operational amplifier of 
N-channel MOS transistor input type shown in Figure 34, 
the reference numeral 2302 corresponds to the 
operational amplifier of P-channel MOS transistor input 
type shown in Figure 37. In Figure 3, the reference 
numerals 2307 and 2308 respectively correspond to the 
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switches 2107 and 2108 shown in Figures 40 and 41. 
Output terminals 2311 and 2312 of Figure 3 respectively 
correspond to the output terminals 2111 and 2112 shown 
in Figures 40 and 41. VBN and VBP shown in Figure 3 
indicate the bias voltage input terminals for providing 
the operating points of the operational amplifiers, 
respectively. In Figure 3, the reference numerals 2313 
corresponds to the reference numeral 2113 (the 
alternation switch changeover signal input REV), the 
\, reference numerals 2314 corresponds to the reference 
"J numeral 2114 (the switch changeover signal SWP of the 
j'" operational amplifier shown in Figures 34 and 37) shown 

in Figures 40 and 41. 
•:J Figure 42 and Table 1 show the relation among an 

\-'^ alternation switch changeover signal REV, a switch 

h7 

p changeover signal SWP of the operational amplifier, and 
the outputs. 

In Figure 42, the reference numeral 2601 
indicates an idealistic pixel voltage that is driven by 
the output voltage outputted from the odd-numbered 
output terminal. The reference numeral 2602 indicates 
an actual pixel voltage including an offset voltage. 
The alternation switch changeover signal REV is inverted 
for every frame, and the switch changeover signal SWP 
of the operational amplifier is inverted for every two 
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frames. As a result, the difference between the 
idealistic pixel voltage and the actual pixel voltage 
changes for every frame, i.e., successively changes as A, 
B, -A, and -B in this order. Accordingly, it takes four 
frames for the difference to return to the original 
state . 



r^j^^e "3^ V i a t i crfl- — hp-hy^p en the f i r ^ f ramfP — and -fe-in 
third frame and the deviation between the second,.^^r ame 
and the fourth frame have a same v a Lj^i^^'^'^a n d have 
polarities that are reversed to each^xSxher , respectively, 
When the period (cycle) of t,\y^ frame is enough short 
compared to the r eactioja^'^ime of the liquid crystal 
material, (a) the d^^ations are canceled between the 
first and thirja frames and (b) the deviations are 
canceled between the second and fourth frames. At the 
e V e n - n u^b ered output terminals, similarly, the 
devi^rrions are canceled for every four frames. Table 1 



[ TABLE 1 ] 



INPUT SIGNAL 


OUTPUT TERMINAL 


SWP 


REV 


ODD-NUMBERED 


EVEN-NUMBERED 


LOW 
LEVEL 


LOW 
LEVEL 


POSITIVE POLARITY 
(DEVIATION A) 


NEGATIVE POLARITY 
(DEVIATION B) 


LOW 
LEVEL 


HIGH 
LEVEL 


NEGATIVE POLARITY 
(DEVIATION B) 


POSITIVE POLARITY 
(DEVIATION A) 


HIGH 
LEVEL 


LOW 
LEVEL 


POSITIVE POLARITY 
(DEVIATION -A) 


NEGATIVE POLARITY 
(DEVIATION -B) 


HIGH 
LEVEL 


HIGH 
LEVEL 


NEGATIVE POLARITY 
(DEVIATION -B) 


POSITIVE POLARITY 
(DEVIATION -A) 



Thus, the unevenness of the deviations that are 
occurred for every liquid crystal driving output 
terminal is canceled in each display pixel, thereby 
ensuring that the display of high quality is carried out 
without being discerned as the display unevenness by 
the human eyes. 

However, according to the foregoing conventional 
arts, each offset voltage happens to be generated due to 
the reasons such as the unevenness of the structural 
conditions in the differential amplifier (operational 
amplifier circuit) that constitutes the output circuit 
section (see Figure 17) of the source driver. Each 
offset voltage is mainly generated in the differential 
section constituting the inputting stage of the 
differential amplifier. Each offset voltage causes an 
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error with respect to an idealistic driving voltage to 
be applied to the liquid crystal display device, thereby 
resulting in that the display image is not 
appropriately displayed. This results in the display 
unevenness that causes the lowering of the display 
qual ity . 



According to the first conventional art, the 



operational amplifier having an N-channel MOS transistor 
as its inputting stage and the operational amplifier 
having a P-channel MOS transistor as its inputting stage 
are provided so as to output a voltage having positive 
polarity and a voltage having negative polarity via a 
single output terminal (i.e., in a full range), 
respectively. This allows to cancel, in two frames, the 



deviations A and -A derived from the offset voltage as 

'ass' 

:;5 . shown in Figure 21. 



Meanwhile, according to the second conventional 
art, (a) a voltage having positive polarity is 
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outputted from the operational amplifier in which N- 
channel MOS transistors are adopted as its inputting 
stage^ (b) a voltage having negative polarity is 
outputted from the operational amplifier in which P- 
channel MOS transistors are adopted as its inputting 
stage, and (c) the voltage having positive polarity and 
the voltage having negative polarity are switched by 
the changeover switch so as to output the output voltage 
in a full range. This allows that the number of the 
operational amplifiers is reduced by half, thereby 
realizing the reduction of the circuit scale and the low 
power consumption . 

However, according to the second conventional art 
as shown in Figure 20, it is not possible to cancel (a) 
the deviation A derived from the offset voltage that is 
generated by the operational amplifier circuit adopting 
N-channel MOS transistors with (b) the deviation B 
derived from the offset voltage that is generated by 
the operational amplifier circuit adopting P-channel MOS 
transistors, and (c) it is not also possible to cancel 
the error with respect to the idealistic driving voltage 
to be applied to the liquid crystal display device. 
This causes that the display image is not appropriately 
displayed, i.e., a so-called display unevenness occurs. 
These deficiencies were main reasons why the display 
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quality is lowered. 

According to the third conventional art, (a) a 
voltage having positive polarity is outputted from the 
operational amplifier in which N-channel MOS transistors 
are adopted as its inputting stage, (b) a voltage 
having negative polarity is outputted from the 
operational amplifier in which P-channel MOS transistors 
are adopted as its inputting stage, (c) the voltage 
having positive polarity and the voltage having 
negative polarity are switched by the changeover switch 
so as to output the output voltage in a full range, and 
(d) the noninverted input signal or inverted input 
signal is switched and inputted as the input signal to 
the input terminals (noninverted input terminal or 
inverted terminal) so as to newly generate another 
voltage having positive polarity and a further voltage 
having negative polarity (that are resultants of 
inversion of the foregoing respective voltages having 
positive and negative polarities) in accordance with 
the above changing of the input signals, in addition to 
the foregoing voltages having positive and negative 
polarities, thereby resulting in that the deviations A, 
B, -A, and -B are changed for every frame so as to 
cancel the deviations in four frames (see Figure 42 and 
Table 1). The deviations A and -A are derived from the 
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offset voltage that has been generated in the 
operational amplifier adopting the N-channel MOS 
transistors, and the deviations and -B are derived 
from the offset voltage that has been generated in the 
operational amplifier adopting the P-channel MOS 
transistors- Thus, a so-called display unevenness can be 
eliminated . 

SUMMARY OF THE INVENTION 
In view of the foregoing problem, the present 
invention is made. It is an object of the present 
invention to provide driving apparatus and driving 
method of liquid crystal display apparatus in which an 
operational amplifier for outputting an output voltage 
having a positive polarity and an operational amplifier 
for outputting an output voltage having a negative 
polarity are separately provided so that a noninverted 
input signal and an inverted input signal are changed 
and outputted via the operational amplifiers, and in 
which the source driver can be configured by further 
providing a simple circuit and the unevenness of the 
deviations for the respective liquid crystal driving 
output terminals is indiscernible by cancellation 
operation among the frames in each display pixel without 
affecting the miniaturization and low power consumption 





-54- 



of the source driver, thereby ensuring to carry out the 
display with good quality. 



In order to achieve the foregoing object, a 



driving apparatus of liquid crystal display apparatus 
in accordance with the present invention is provided 
with (a) first and second amplifier circuits that 
amplify a noninverted input signal or an inverted input 
signal, (b) a first changeover circuit that selectively 
switches and outputs the noninverted and inverted input 
signals to be outputted to the first and second 
amplifier circuits, (b) a second changeover circuit that 
selectively switches and outputs output signals of the 
respective first and second amplifier circuits to pixels 



provided in a matrix manner in accordance with an 
alternation signal, and (c) a changeover control 
circuit that controls switching of the first and second 
changeover circuits so that polarity of an offset 
voltage to be applied to the pixel by the first and 
second changeover circuits is changed for every 
predetermined number of frames and the offset voltage is 
canceled for frames whose number is twice as many as 
the predetermined number of frames. 



^ '^''rffft rhrfpgo-Q-^^^g^ — circuit - , — ajax3 — -t-h^ p^xiiput signals of 
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teJi-e — first — and ^f^nnnd a m p l-jL^^4-*=>-r — ell Cul LS — arB-& — swi -h^ hfaH }->y 

the second changeover circuit, respectijieiy-«---Ttrrs allows 
to output the outp\rt_,^.5Jr-gTr^Tithat have been switched to 
the pixel>---x5r^vided in a matrix manner so as to drive 

fehr^^iquid crysi-al d isplay apparatna, . 

When the difference of the circuit 
characteristics occurs between the two circuits that 
should have originally the same characteristic due to 
the characteristic unevenness occurred by the 
manufacturing process, it is most likely that an offset 
voltage occurs. 

In view of the deficiency, according to the 
present invention, the first and second changeover 
circuits are switched by the changeover control circuit 
so that (a) the polarity of the offset voltage to be 
applied to the pixel is changed for every predetermined 
number of frames and (b) the offset voltage is canceled 
for frames whose number is twice as many as the 
predetermined number of frames. 

The unevenness of the offset voltages for the 
respective liquid crystal output terminals is thus 
indiscernible by the human eyes. This is because the 
offset voltage is canceled in each pixel for the 
predetermined number of frames. This allows to carry out 
the display with good quality. Thus, it is possible to 
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provide a driving apparatus of liquid crystal display 
apparatus with extremely high reliability. 

A driving method of liquid crystal display 
apparatus in accordance with the present invention, in 
order to achieve the foregoing object, in which (a) 
noninverted and inverted input signals of first and 
second amplifier circuits are switched in accordance 
with a changeover signal and (b) output signals of the 
first and second amplifier circuits are switched and 
outputted to pixels provided in a matrix manner in 
accordance with an alternation signal, comprises the 
steps of: (1) controlling the changeover signal and the 
alternation signal so that polarity of each offset 
voltage to be applied to the pixel is changed for every 
predetermined number of frames, and (2) canceling the 
offset voltage for frames whose number is twice as many 
as the predetermined number of frames. 

With the driving method of liquid crystal display 
apparatus, the noninverted and inverted input signals 
of first and second amplifier circuits are switched in 
accordance with the changeover signal and the output 
signals of the first and second amplifier circuits are 
switched and outputted to the pixels provided in a 
matrix manner in accordance with the alternation signal, 
respective ly . 
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By the way, the first and second amplifier 
circuits originally should have the same circuit 
characteristic. However, it can not be avoided that 
there occurs a difference between the circuit 
characteristics due to the reasons such as the 
unevenness in the process of manufacturing the amplifier 
circuits. This causes the occurrence of an offset 
voltage . 

In view of the deficiency, according to the 
present invention, the changeover signal and the 
alternation signal are controlled so that the polarity 
of each offset voltage to be applied to the pixel is 
changed for every predetermined number of frames, and so 
that the offset voltage is canceled for frames whose 
number is twice as many as the predetermined number of 
frames . 

the offset voltages f pr ^fc- H^ 

s is thus 

indiscernible by the human e y e s^.^-^Tn i s is because the 
offset voltage is can^.e-ired in each pixel for the 
predetermined numb^-t^of frames. This allows to carry out 
the display wlTth good quality. Thus, it is possible to 
p r o V i d ex^ driving method of liquid crystal display 
a jypfaratus jtf i t-h — cx trGmGl - v -J 3J.qh relia bility . 

Further scope of applicability of the present 



5<b-e — u 11 e V e 1 1 n fei -! 
respective liquid crystal output termii 



invention will become apparent from the detailed 
description given hereinafter. However, it should be 
understood that the detailed description and specific 
examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since 
various changes and modifications within the spirit and 
scope of the invention will become apparent to those 
skilled in the art from this detailed description. The 
present invention will become more fully understood 
from the detailed description given hereinbelow and the 
accompanying drawings which are given by way of 
illustration only, and thus, are not limitative of the 
present invention . 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a circuit diagram showing a structure 

of a changeover control circuit in a driving apparatus 

of liquid crystal display apparatus in accordance with 

the present invention. 

Figure 2 is a block diagram showing a structure 

of a main part of the driving apparatus of liquid 

crystal display apparatus. 

Figure 3 is a circuit diagram explaining both the 

present invention and a conventional art and showing in 

detail an output circuit of the driving apparatus of 
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liquid crystal display apparatus. 

Figure 4 is a diagram showing wave forms of input 
and output signals of the changeover control circuit. 

Figure 5 is an explanatory diagram showing how 
offset voltages, which are applied to pixels on a liquid 
crystal display panel, disperse. 

Figure 6 is an explanatory diagram showing an 
offset voltage of a pixel located at the first row and 
the first column shown in Figure 5. 

Figure 7 is a block diagram showing a structure 
of a main part of another driving apparatus of liquid 
crystal display apparatus. 

Figure 8 is a circuit diagram showing a structure 
of another changeover control circuit in a driving 
apparatus of liquid crystal display apparatus in 
accordance with the present invention. 

Figure 9 is an explanatory diagram showing how 
offset voltages, which are applied to pixels on a liquid 
crystal display panel shown in Figure 8, disperse. 

Figure 10 is a diagram showing wave forms of 
input and output signals of the changeover control 
circuit shown in Figure 8. 

Figure 11 shows both of the present invention and 
the conventional art, and is an example of a block 
diagram showing a TFT liquid crystal display apparatus 



- 6 0 - 



that is a typical one of an active matrix type • 

Figure 12 is an explanatory diagram showing a 
structure of a conventional TFT liquid crystal panel. 

Figure 13 is a diagram showing one example of a 
conventional liquid crystal wave forms, and shows the 
case where the TFT is turned on in response to the 
output signal of the gate driver when the output voltage 
of the source driver is greater than the voltage of the 
opposite electrode so that a voltage having positive 

;3 polarity with respect to the opposite electrode is 

i'pj applied to the pixel electrode. 

Figure 14 is the wave form diagram showing an 

''[^ example of a conventional liquid crystal driving wave 
form, and shows that an output signal of the gate 
driver causes the TFT to be turned on when an output 

.e 3=; 

1'=^ voltage of the source driver is smaller than the voltage 
of the opposite electrode so that a voltage showing a 
negative polarity with respect to the opposite 
electrode is applied to the pixel electrode. 

Figure 15 is an explanatory diagram showing a 
conventional example of polarity arrangement of the 
alternation on a liquid crystal panel during the 
alternation of a liquid crystal driving voltage. 

Figure 16 is an explanatory diagram showing the 
wave form diagram of the source driver in a 
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conventional dot inversion driving. 

Figure 17 is a block diagram of an example of the 
structure of a conventional source driver IC, 

Figures 18(a) and 18(b) are block diagrams 
showing the structure of an output circuit in the source 
driver IC that carries out the dot inversion driving of 
the first conventional art. 

Figures 19(a) and 19(b) are block diagrams 
showing the structure of an output circuit in the source 
driver IC that carries out the dot inversion driving of 
the second conventional art. 

Figure 20 is a wave form diagram showing an 
example of the wave form of the liquid crystal driving 
voltage in the case where a conventional operational 
amplifier happens to have an offset voltage. 

Figure 21 is the wave form diagram showing the 
wave form of the liquid crystal driving voltage in the 
case of the structure shown in Figures 18(a) and 18(b). 

Figure 22 is a circuit diagram showing an example 
of the structure of a differential amplifier circuit in 
accordance with the third conventional art. 

Figure 23 is an explanatory diagram showing an 
operation of the differential amplifier circuit shown in 
Figure 22. 

Figure 24 is an explanatory diagram showing 



another operation of the differential amplifier circuit 
shown in Figure 22. 

Figure 25 is an explanatory diagram showing the 
operation of the case where the discrepancy of 
characteristics that happens to occur due to the reason 
of the manufacturing process occurs between the 
transistors that constitute the differential amplifier 
circuit shown in Figure 23 and/or between the load 
resistors. 

Figure 26 is an explanatory diagram showing the 
operation of the case where the discrepancy of 
characteristics that happens to occur due to the reason 
of the manufacturing process occurs between the 
transistors that constitute the differential amplifier 
circuit shown in Figure 24 and/or between the load 
resistors . 

Figure 27 is a circuit diagram showing another 
example of the structure of a differential amplifier 
circuit in accordance with the second conventional art. 

Figure 28 is an explanatory diagram showing an 
operation of the differential amplifier circuit shown in 
Figure 27. 

Figure 29 is an explanatory diagram showing 
another operation of the differential amplifier circuit 
shown in Figure 27. 
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Figure 30 is an explanatory diagram showing the 
operation of the case where the discrepancy of 
characteristics that happens to occur due to the reason 
of the manufacturing process occurs between the 
transistors that constitute the differential amplifier 
circuit shown in Figure 28 and/or between the load 
resistors • 

Figure 31 is an explanatory diagram showing the 
i"! operation of the case where the discrepancy of 
.^5 characteristics that happens to occur due to the reason 
'{'f^ of the manufacturing process occurs between the 
transistors that constitute the differential amplifier 
circuit shown in Figure 29 and/or between the load 
'"J resistors. 

•'^ Figure 32 is a circuit diagram showing a 

='3 structure of the circuit in which the load element of 

: » 

the differential amplifier circuit shown in Figure 22 is 
replaced with the active load having a current mirror 
structure. 

Figure 33 is a circuit diagram showing a 
structure of the circuit in which the load element of 
the differential amplifier circuit shown in Figure 27 is 
replaced with the active load having a current mirror 
structure . 

Figure 34 is a circuit diagram showing an example 
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which embodies a differential amplifier circuit 
equivalent to that shown in Figure 32, switches, and an 
output section. 

Figure 35 is a circuit diagram showing an 
operation of an operational amplifier shown in Figure 
34 . 

Figure 36 is a circuit diagram showing another 
operation of the operational amplifier shown in Figure 
34. 

Figure 37 is a circuit diagram showing an example 
which embodies a differential amplifier circuit 
equivalent to that shown in Figure 33, switches, and an 
output section. 

Figure 38 is a circuit diagram showing an 
operation of an operational amplifier shown in Figure 
37 . 

Figure 39 is a circuit diagram showing another 
operation of the operational amplifier shown in Figure 
37. 

Figure 40 is an output block diagram showing a 
liquid crystal driving circuit that adopts the 
differential amplifier circuit and carries out the dot 
inversion driving, and shows the case where a driving 
voltage having positive polarity is outputted via an 
odd-numbered output terminal while a driving voltage 



having negative polarity is outputted via an even-numbered 
output terminal . 

Figure 41 is an output block diagram showing a 
liquid crystal driving circuit that adopts the 
differential amplifier circuit and carries out the dot 
inversion driving, and shows the case where a driving 
voltage having negative polarity is outputted via an 
odd-numbered output terminal while a driving voltage 
having positive polarity is outputted via an even-numbered 
output terminal. 

Figure 42 is an explanatory diagram showing the 
conventional relation among an alternation switch 
changeover signal REV, a switch changeover signal SWP 
of the operational amplifier, and an output signal. 

DESCRIPTION OF THE EMBODIMENTS 
The following description deals with one 
embodiment of the present invention with reference to 
Figures 1 through 10. 

A liquid crystal display apparatus adopting TFTs 
in accordance with the present invention has basically 
the circuit configuration that has been shown in Figure 
11. The distinction over the conventional art resides 
in that a vertical synchronizing signal and an even/odd 
line discrimination signal are further supplied as the 
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control signal to be outputted to the source driver. 

Note that a processing circuit for the vertical 
synchronizing signal and the even/odd line 
discrimination signal is built in a controller, and when 
it is assumed that a line of a node A shown in Figure 1 
is a signal line, for example, it is only necessary to 
provide one more line for a control signal than the 
conventional art (later described). 

Figure 2 is a block diagram of the source driver 
3802 shown in Figure 11. 

A shift register circuit 4403, a sampling memory 
circuit 4404, a hold memory 4405, a level shifter 
circuit 4406, a D/A converter circuit 4407, a reference 
voltage generation circuit 4402, and an input latch 
circuit 4401 have the same functions as those shown in 
Figure 17, respectively. Accordingly, the explanation 
thereof is omitted here. An output circuit 4408 has a 
circuit configuration in which an operational amplifier 
for outputting a voltage having positive polarity and 
an operational amplifier for outputting a voltage 
having negative polarity are provided, separately. 
Figure 3 is a detailed circuit configuration of the 
output circuit 4408. 

Figure 1 is an example of a structure of a 
changeover control circuit 4409 that is realized by a 
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counter circuit shown in Figure 2. In the changeover 
control circuit 4409, an SWP/REV changeover switch 
circuit (later described) is also included. The SWP 
indicates a switch changeover signal for the above two 
operational amplifiers, and the REV indicates an 
alternation switch changeover signal. 

Figure 4 shows the input signal wave form and the 
output signal wave forms of the changeover control 
circuit 4409. Figures 5 and 6 show how offset voltages, 

: 

,'5 outputted from the output circuit 4408 , disperse of the 

i.rf 

ifl pixels on the liquid crystal display panel. Note that 
.^^ Figure 5 shows the case where the number of the 
'■^ horizontal lines, which is the number of the row lines 
corresponding to the gate signal lines 3905 shown in 
■"^ Figure 12, is an even number (i.e., an even number line 
•=3 panel ) . 

According to Figure 5, the display is carried out 
provided that the number of the row lines is eight. 
According to Figure 5, the display is carried out 
provided that the number of the column lines is eight. 
This is for convenience sake of explanation. Namely, the 
present invention is not limited to this. 

Note that in the case where the number of the 
horizontal lines is an odd number, for example, a line 
d) following a line ® shown in Figure 5 is required to 
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be further provided. The arrangement of deviations of 
the lines ® through (B) is not changed. Accordingly, 
the description with reference to drawings is omitted. 

According to the present embodiment, the 
horizontal synchronizing signals are counted (are 
subjected to the frequency division) so that the 
deviation of the offsets is canceled by frames. Figure 
1 shows, for example, a case where the switch changeover 
signal SWP is switched for every seven horizontal lines. 

In the changeover control circuit 4409, DF/Fl 
through DF/F4, that are realized by a D-type flip-flop, 
respectively, constitute a frequency divider circuit 
{ 14-f requency divider) that divides the frequency of the 
horizontal synchronizing signal so as to be 1/14. In 
each of the DF/Fl through DF/F4, an input terminal D is 
connected with an output terminal /Q. The horizontal 
synchronizing signal is applied to a clock input 
terminal CK of the DF/Fl. An output terminal Q of the 
DF/Fl is connected with an inverted clock input terminal 
/CK of the DF/F2 following the DF/Fl (the next stage). 
An output terminal Q of the DF/F2 is connected with an 
inverted clock input terminal /CK of the DF/F3 
following the DF/F2. The output terminals Q of the 
respective DF/Fl through DF/F3 are connected with input 
terminals of a 3-input NAND gate 5001, respectively. 
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is connected with respective reset input terminals B^^^-a^id 
a clock input terminal CK of the DF/F4 that^^a 1 i ze a 
frequency divider circuit (2-frequency divider circuit) 
for dividing the frequency of the imput signal to be 
1/2. This allows to realize, wa t h a simple circuit 
configuration, the frequenc^ divider circuit that 
divides the frequency of t^e horizontal synchronizing 
i;^ signal so as to be 1/1/4. The output signals of the 
3 respective output terminals /Q and Q of the DF/F4 are 
Ifi outputted as the switch changeover signals SWP and /SWP 
j^^ for the operati/5nal amplifiers via inverters 5005 and 
5006 . Thus, jzTie switch changeover signal SWP for the 
operatiojrfal amplifier, that is inverted in 
s y n c h r o/i i zation with the rising of the horizontal 
synchi/onizing signal, is generated. Note that the /SWP 
in/Figure 1 is a resultant of inversion of the switch 
gnal SWP For the — '^p'^rn-'-'ior ^'l amplifier- 



fg eove r 

The vertical synchronizing signal is applied to a 
clock input terminal CK of a DF/F6, an output terminal 
Q of the DF/F6 is connected with one input terminal of 
an AND gate 5002 (logical product circuit). An even/odd 
line discrimination signal (a high level for the case 
where the number of the horizontal lines is an even 
number while a low level for the case where the number 
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of the horizontal lines is an odd number) is applied to 
the other input terminal of the AND gate 5002. In the 
DF/F6, an input terminal D is connected with an output 
terminal /Q. 

An output terminal of the AND gate 5002 is 
connected with each one input terminal of EX-OR gates 

5003 and 5004. The other input terminal of the EX-OR 
gate 5003 is connected with the output terminal Q of 

□ the DF/F5. The other input terminal of the EX-OR gate 

5004 is connected with the output terminal /Q of the 
(ji DF/F5, Output signals of the respective EX-OR gates 
i,^ 5003 and 5004 are inverted by inverters 5007 and 5008 
.J"" so as to be outputted as the alternation switch 

changeover signals REV and /REV, respectively. 

Thus, the alternation switch changeover signals 
REV is also a signal that is inverted in 
synchronization with the rising of the horizontal 
synchronizing signal. Note that the /REV in Figure 1 is 
a resultant of inversion of the alternation switch 
changeover signal REV. 

The generation of the alternation switch 
changeover signal REV varies depending on whether the 
liquid crystal display panel is an even number line 
panel (the number of the horizontal lines is an even 
number) or an odd number line panel (the number of the 
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horizontal lines is an odd number) as follows. 

In the case of the even number line panel 
(corresponding to Figure 5), the even/odd 
discrimination signal is high level. This causes to 
output, at the node A, a signal (corresponding to the 
output signal of the AND gate 5002) that has been 
subjected to the frequency division in which the 
frequency of the vertical synchronizing signal is 
divided so as to be 1/2. More specifically, upon receipt 
of the first vertical synchronizing signal, the DF/F6 
outputs a signal of high level to the AND gate 5002 via 
the output terminal Q. Upon receipt of the second 
vertical synchronizing signal, the DF/F6 outputs a 
signal of low level to the AND gate 5002 via the output 
terminal Q. 

When the output signal of the AND gate 5002 is 
high level (when receiving the first vertical 
synchronizing signal), the signal at the output terminal 
Q of the DF/F5 is outputted as the alternation switch 
changeover signal REV via the EX-OR gate 5003 and the 
inverter 5007. In contrast, when the output signal of 
the AND gate 5002 is low level (when receiving the 
second vertical synchronizing signal), a signal that is 
the resultant of inversion of the signal at the output 
terminal Q of the DF/F5 is outputted as the alternation 



switch changeover signal REV via the EX-OR gate 5003 
and the inverter 5007 (see Figure 4). Thereafter, the 
similar operation is carried out with respect to the 
following third, fourth, n-th (n: a natural 

number) vertical synchronizing signals. Note that the 
alternation switch changeover signal /REV is basically 
the same as the alternation switch changeover signal 
REV. Accordingly, the description thereof is omitted. 

In the even number line panel, as has been 
described above, the alternation switch changeover 
signal REV is inverted for every frame in accordance 
with the output signal of the DF/F6. This causes that 
the REV and /REV are alternately outputted like REV 
/REV-^REV ^/REV. 

In contrast, in the odd number line panel, since 
the even/odd line discrimination signal is low level, 
the AND gate 5002 always outputs a signal of low level, 
irrespective of the signal at the output terminal Q of 
the DF/F6. The signal that is the resultant of 
inversion of the signal at the output terminal Q of the 
DF/F5 is outputted as the alternation switch changeover 
signal REV via the EX-OR gate 5003 and the inverter 5007 
(see Figure 4). This causes the alternation switch 
changeover signal REV not to change for every frame- 

The wiring of the respective reset input 



terminals R of the DF/F4 through DF/F6 is omitted in 
Figure 1. However, it is preferable that a reset signal 
is applied to the respective reset input terminals R 
when turning on the power source so that the respective 
switch changeover signals SWP and REV have the same 
phase in each source driver when a plurality of source 
drivers are provided. 

Note that VBN and VBP shown in Figure 3 indicate 
the bias voltage input terminals for providing the 
operating points of the operational amplifiers, 
respectively, and via the VBN and VBP appropriate bias 
voltages are applied so as to carry out the 
amplification without any distortion in the operational 
ampl if ier . 

In Figure 3, "from "H" side DAC" indicates an 
input signal from the positive-polarity D/A converter 
circuit 2103 shown in Figure 40, and "from "L" side 
DAC" indicates an input signal from the negative- 
polarity D/A converter circuit 2104 shown in Figure 40, 
respectively. The foregoing Table 1 shows the offset 
voltages of the output signals at the output terminals 
that have been generated in response to the switch 
changeover signals SWP and /SWP for the operational 
amplifiers and the alternation switch changeover 
signals REV and /REV. . 
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The following description deals in detail with 
how the offset voltages are canceled by the frames, when 
the switch signals are used, with reference to Figure 5. 



In a row line ® in a frame ® shown in Figure 5 
when it is assumed that the alternation switch 
changeover signal REV is low level ("L") and the switch 
changeover signal SWP for the operational amplifier is 
□ low level ("L"), a signal in which an offset voltage +A 
Q is included is applied to the odd-numbered pixels, while 
a signal in which an offset voltage +B is included is 
Li= applied to the even-numbered pixels. 

In the next row line (2) , the alternation switch 
changeover signal REV is inverted to be high level (" 

"a OP 

' H") and the switch changeover signal SWP for the 

operational amplifier remains low level ("L") in the 
first through seventh row lines. This causes that a 
signal in which an offset voltage +B is included is 
applied to the odd-numbered pixels, while a signal in 
which an offset voltage +A is included is applied to the 
even -numbered pixels. 

Thereafter, as shown in Figure 5, the operation 
similar to the above are repeated, and then the switch 
changeover signal SWP for the operational amplifier 
changes into high level ( "H" ) in a row line (D . And, the 
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switch changeover signal SWP for the operational 
amplifier remains high level in the following seven 
lines bridging the next frame (2) • Thereafter, the switch 
changeover signal SWP for the operational amplifier 
changes in a similar manner. 

In contrast, the alternation switch changeover 
signal REV changes from low level to high level for 
every horizontal line (i.e., for every horizontal 
□ synchronizing signal ) , and further changes so as to be 
■,3 inverted for every frame (like REV -^/REV). Thereafter, 
in the alternation switch changeover signal REV changes 
in a similar manner. 

According to the example shown in Figure 5, in a 
frame (B) , the polarities ( + /-) of the respective offset 
voltages A and B of the operational amplifiers in which 
a P-channel MOS transistor is adopted as its input stage 
and the operational amplifier in which an N-channel MOS 
transistor is adopted as its input stage, respectively, 
are changed. Based on this. Figure 6 shows the offset 
voltages that are included in the voltages to be 
applied to the pixel in the respective frames. 

Figure 6 shows the offset voltages that are 
included in the pixel ® — ® specified by the first 
row line and the first column line in the respective 
fourteen frames. As is clear from Figure 6, (a) it 
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takes seven frames to change the polarity of the 
deviation and (b) it takes fourteen frames to cancel 
the deviation of the polarities. Thus, the offset 
voltages included in the pixel ®— ® are canceled. The 
same description is made for the odd number panel line. 
This is because the deviation output relation of the 
odd number panel line based on the signal conditions of 
the alternation switch changeover signal REV and the 
switch changeover signal SWP for the operational 
amplifier is same as that of the even number panel line. 
Accordingly, the description thereof is omitted. 

The foregoing description deals with the case 
where the switch changeover signal SWP for the 
operational amplifier is changed for every seven 
horizontal lines and one frame is constituted by eight 
horizontal lines. This causes that (a) it takes seven 
frames to change the polarity of the deviation and (b) 
it takes fourteen frames to cancel the deviation of the 
polarities. However, the present invention is not 
limited to this. When selecting the counting number of 
the horizontal synchronizing signals with respect to the 
number of the horizontal lines of the screen based on 
the above concept, it becomes possible to change the 
polarity of the offset voltage for every n frames. As is 
clear from Figure 1, it is easy to change the counting 



number of the horizontal synchronizing signal. 

When the number of the horizontal lines of the 
screen is an integral multiple of the counting number of 
the horizontal synchronizing signals, the offset 
voltages having the same polarity are applied to the 
pixel. Accordingly, the polarity is not reversed. For 
this reason, it is necessary to set the number of the 
horizontal lines of the screen so as not to be equal to 
an integral multiple of the number of the horizontal 
lines that have been counted. 

The following description deals with another 
embodiment of the present invention with reference to 
Figures 3, 7, 8, 9, and 10. When compared with the 
foregoing embodiment, the object of the present 
invention is achieved by a simpler circuit 
configuration. 

As shown in Figure 7, the distinction resides in 
a changeover control circuit 4410 that is realized by a 
counter circuit. The changeover control circuit 4410 has 
a circuit configuration shown in Figure 8. According to 
the circuit configuration shown in Figure 8, the switch 
changeover signal SWP for the operational amplifier is 
changed for every two frames in accordance with the 
horizontal synchronizing signal, for example. 

In the changeover control circuit 4410, DF/Fll 



and DF/F12 that are realized by a D-type flip-flop 
constitute a frequency divider circuit (4-frequency 
divider circuit) that divides the frequency of the 
vertical synchronizing signal so as to be 1/4. In each 
of the DF/Fll through DF/F12, an input terminal D is 
connected with an output terminal /Q. The vertical 
synchronizing signal is applied to a clock input 
terminal CK of the DF/Fll. An output terminal Q of the 
DF/Fll is connected with a clock input terminal CK of 
the DF/F12 following the DF/Fll (the next stage). The 
output signals at the respective output terminals /Q 
and Q of the DF/F12 are outputted as the switch 
changeover signals SWP and /SWP for the operational 
amplifiers via inverters 3105 and 3106. Thus, the switch 
changeover signal SWP for the operational amplifier, 
that is inverted for every two frames in synchronization 
with the rising of the vertical synchronizing signal, 
is generated (see Figure 10). 

An output terminal Q of the DF/Fll is connected 
with one input terminal of an AND gate 3102 (logic 
product circuit). An even/odd line discrimination signal 
(a high level for the case where the number of the 
horizontal lines is an even number while a low level for 
the case where the number of the horizontal lines is an 
odd number) is applied to the other input terminal of 
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the AND gate 3102. 

An output terminal of the AND gate 3102 is 
connected with each one input terminal of respective EX- 
OR gates 3103 and 3104. The other input terminal of the 
EX-OR gate 3103 is connected with the output terminal Q 
of the DF/F13. The other input terminal of the EX-OR 
gate 3104 is connected with the output terminal /Q of 
the DF/F13. Output signals of the respective EX-OR 
gates 3103 and 3104 are inverted by inverters 3107 and 

'-^^ 3108 so as to be outputted as the alternation switch 

=Vl changeover signals REV and /REV. 

l'-"^ The. generation of the alternation switch 

:s changeover signal REV varies depending on whether the 

i^J liquid crystal display panel is an even number line 

■,3 panel (the number of the horizontal lines is an even 

Q 

i,^ number) or an odd number line panel (the number of the 
horizontal lines is an odd number) as follows. 

In the case of the even number line panel 
(corresponding to Figure 9), the even/odd 
discrimination signal is high level. This causes the 
output signal of the AND gate 3102 to vary depending on 
a signal at the output terminal Q. More specifically, 
upon receipt of the first vertical synchronizing signal, 
the DF/Fll outputs a signal of high level to the AND 
gate 3102 via the output terminal Q. Upon receipt of the 



second vertical synchronizing signal, the DF/Fll 
outputs a signal of low level to the AND gate 3102 via 
the output terminal Q. 

When the output signal of the AND gate 3102 is 
high level (when receiving the first vertical 
synchronizing signal), the signal at the output terminal 
Q of the DF/F13 is outputted as the alternation switch 
changeover signal REV via the EX-OR gate 3103 and the 
inverter 3107 (the frequency of the horizontal 
synchronizing signal is divided by 2 and the resultant 
signal thus divided is outputted as the alternation 
switch changeover signals REV). In contrast, when the 
output signal of the AND gate 3102 is low level (when 
receiving the second vertical synchronizing signal), a 
signal that is the resultant of inversion of the signal 
at the output terminal Q of the DF/F13 is outputted as 
the alternation switch changeover signal REV via the EX- 
OR gate 3103 and the inverter 3107. Thereafter, the 
similar operation is carried out with respect to the 
following third, fourth, n-th vertical 

synchronizing signals. Note that the alternation switch 
changeover signal /REV is basically the same as the 
alternation switch changeover signal REV. Accordingly, 
the description thereof is omitted. 

In the even number line panel, as has been 



described above, the alternation switch changeover 
signal REV is inverted for every frame in accordance 
with the output signal of the DF/Fll. This causes that 
the REV and /REV are alternately outputted like REV^ /REV 
-> REV /REV. 

In contrast, in the odd number line panel, since 
the even/odd line discrimination signal is low level, 
the AND gate 3102 always outputs a signal of low level, 
irrespective of the signal at the output terminal Q of 
the DF/Fll. The signal that is the resultant of 
inversion of the signal at the output terminal Q of the 
DF/F13 is outputted as the alternation switch 
changeover signal REV via the EX-OR gate 3103 and the 
inverter 3107. This causes the alternation switch 
changeover signal REV not to change for every frame. 

As has been described above, the alternation 
switch changeover signal REV shown in Figure 8 is also 
inverted in synchronization with the rising of every 
horizontal synchronizing signal. Note that Figure 10 
shows wave forms of the main part of the changeover 
control circuit 4410 and the alternation switch 
changeover signal REV is not shown therein because it 
is the same as that in Figure 4. 

Figure 9 shows how offset voltages of the output 
circuit disperse in the pixels on a liquid crystal 



display panel. Figure 9 shows the case where the number 
of the horizontal lines (the number of the row lines 
corresponding to the gate signal lines 3905 in Figure 
12) is an even number. The way how the offset voltage is 
included in the pixel in accordance with the conditions 
of the switch changeover signal SWF for the operational 
amplifier and the alternation switch changeover signal 
REV is the same way as that of Figure 4. 

In Figure 9, the polarity of the offset voltage 
included in a signal that is applied to a pixel is 
reversed (inverted) for every two frames, and it takes 
four frames to cancel the offset voltage (the offset 
voltage is canceled by four frames). 

In the present embodiment, unlike the previous 
embodiment, even when the number of the horizontal lines 
is changed, it is not necessary to reconsider the 
counting number of the horizontal synchronizing signals. 
Therefore, it is possible to realize a source driver 
having high general -purpose properties. 

The above description deals with the case where 
the switch changeover signal SWP for the operational 
amplifier is inverted for every two frames. By inverting 
the switch changeover signal SWP for the operational 
amplifier for every even number of frames 2m, the offset 
voltages (A,B) are appropriately canceled with bridging 



the frames. Therefore, the deviation occurs in the 
appearance of the polarities, when inverting the switch 
changeover signal SWP for the operational amplifier for 
every odd number of frames 2{m-l), 

Accordingly, it is necessary to invert the switch 
changeover signal SWP for the operational amplifier for 
every even number of frames 2m (m: a natural number). 

The way to concretely realize the driving method 
of liquid crystal display panel (driving method in which 
the polarity of the offset voltage is reversed for 
every frame) that has been described is only an example. 
The present invention is not limited to this. It is 
needless to say that the changes in many ways can be 
made provided that they fall within the scope of the 
present invention. 

For example, in the changeover circuit shown in 
Figure 1, the horizontal synchronizing signal (may be 
referred to as a latch signal) is used. A start pulse 
signal (corresponding to, in this case, a signal just 
after outputted from the controller 3804 shown in 
Figure 11, such a signal not transmitting through the 
shift register circuit 4403 in the source driver) that 
is generated at a substantially the same timing as the 
horizontal synchronizing signal may be substituted for 
the horizontal synchronizing signal while the circuit 



configuration remains substantially the same. 

Further, the foregoing description deals with the 
case where the changeover control circuit 4409 shown in 
Figure 1 is provided in the source driver. 
Alternatively, the changeover control circuit 4409 may 
be provided in the controller 3804 shown in Figure 11 
so that the switch changeover signal SWP for the 
operational amplifier and the alternation switch 
changeover signal REV are outputted to the source 
driver. Alternatively, a frequency divider circuit 
section for the horizontal synchronizing signal or a 2- 
frequency divider circuit section that divides the 
frequency of the vertical synchronizing signal so as to 
be 1/2 and a changeover section associated with the 
frequency divider circuit section are separately 
provided either in the source driver or the controller, 
while considering the circuit scale of the source 
driver and the controller and the wiring between 
circuits. The similar description may be made for the 
case of the changeover control circuit 4410 shown in 
Figure 8. 

According to a driving apparatus of liquid 
crystal display apparatus, as has been described earlier, 
in accordance with the present invention, an output 
stage of the liquid crystal driving apparatus that 
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drives the liquid crystal display apparatus based on a 
dot reverse driving is constituted by first and second 
differential amplifier sections that (a) switch and 
amplify noninverted and inverted display input signals 
in response to first changeover means and (b) further 
switch and output in response to second changeover means, 
and is further provided with: (1) count means for 
counting the horizontal synchronizing signals that scan 
Q the liquid crystal display apparatus or a signal 

SSL 

outputted for each horizontal synchronizing period and 
Lf| counting a value n satisfying k cXn (c and n are 

^,-5: natural numbers), (2) control means for switching the 
.J first changeover means in accordance with the result of 

the count means, (3) control means for switching the 

Us, 

second changeover means for each horizontal 
synchronizing period in synchronization with the 
horizontal synchronizing signals that scan the liquid 
crystal display apparatus or the signal outputted for 
each horizontal synchronizing period. 

According to another driving apparatus of liquid 
crystal display apparatus, as has been described earlier, 
in accordance with the present invention, an output 
stage of the liquid crystal driving apparatus that 
drives the liquid crystal display apparatus based on a 
dot reverse driving is constituted by first and second 



differential amplifier sections that (a) switch and 
amplify noninverted and inverted display input signals 
in accordance with first changeover means and (b) 
further switch and output in response to second 
changeover means, and is further provided with (1) count 
means for counting a vertical synchronizing signal 
indicative of the head part of a frame so as to find a 
value f_ satisfying the relation f = 2m (m is a natural 
number and indicates the number of the vertical 
synchronizing signals), (2) control means for switching 
the first changeover means in accordance with the result 
of the count means, and (3) control means for switching 
the second changeover means for every horizontal 
synchronizing period in synchronization with the 
horizontal synchronizing signal for scanning the liquid 
crystal display apparatus or a signal that is outputted 
for every horizontal synchronizing period. 

It is preferable that the control means further 
includes switching means for discriminating whether the 
liquid crystal display apparatus is an even number line 
panel or an odd number line panel and for switching, in 
accordance with the discriminated result, the signal of 
the second changeover means (a) to noninverted signal 
each time the vertical synchronizing signal is inputted 
or (b) to noninverted/ inverted signal for every frame. 



A driving method of liquid crystal display 
apparatus in accordance with the present invention, as 
has been described earlier, an output stage of the 
liquid crystal driving apparatus that drives the liquid 
crystal display apparatus based on a dot reverse driving 
is constituted by first and second differential 
amplifier sections that (a) switch and amplify 
noninverted and inverted display input signals in 
accordance with first changeover means and (b) further 
switch and output in response to second changeover 
means, and is arranged so that when the deviations 
included in the output signals of the respective first 
and second differential amplifier sections are added to 
signal voltages to be applied to pixels of the liquid 
crystal display apparatus, k=?^ cX n (c and n are natural 
numbers is satisfied, k indicating the number of the 
horizontal scanning lines), and deviations, that have 
the same absolute value and a polarity reverse as and to 
the deviations, are applied to the pixels for every n 
horizontal lines in which the scanning is successively 
carried out within a frame or with bridging the next 
f rame . 

Another driving method of liquid crystal display 
apparatus in accordance with the present invention, as 
has been described earlier, an output stage of the 



liquid crystal driving apparatus that drives the liquid 
crystal display apparatus based on a dot reverse driving 
is constituted by first and second amplifier sections 
that (a) switch and amplify noninverted and inverted 
display input signals in accordance with first 
changeover means and (b) further switch and output in 
response to second changeover means, and is arranged so 
that when the deviations included in the output signals 
of the respective first and second differential 
amplifier sections are added to signal voltages to be 
applied to pixels of the liquid crystal display 
apparatus, deviations, that has the same absolute value 
and a polarity reverse as and to the deviations, are 
applied to the pixels for every 2m (m: a natural number) 
frames. 

It is preferable to further discriminate whether 
the liquid crystal display apparatus is an even number 
line panel or an odd number line panel and to drive in 
accordance with the discriminated result by switching 
the output signal in the output section to an 
noninverted signal or to noninverted/ inverted for every 
frame • 

With the method, to the utmost, it is possible to 
avoid the addition of a simple circuit, the increasing 
of the wiring between the controller and the source 
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driver, and the increasing of the wiring between the 
respective source drivers. This does not affect the 
miniaturization of the liquid crystal display module 
and the low power consumption, accordingly. 

As has been earlier described, it is possible to 
maintain the merit of the low power consumption obtained 
by being adapted to a type in which the number of the 
amplifiers of great power consumption is reduced. 

Thus, the present invention allows to avoid the 
display unevenness, to realize the display with high 
quality, and to develop to a portable devices with ease. 

driving — apparatus — o-f liq ui d crystal disp .1^y 



apparatus in accordance with the present inventiop^<i s 
provided with (a) first and second ampl if ier^di rcui ts 
that amplify a noninverted input signal JSf^ an inverted 
input signal, (b) a first change<5ver circuit that 
selectively switches and outpp^s the noninverted and 
inverted input signals to b^outputted to the first and 
second amplifier circuits, (b) a second changeover 
circuit that selectively switches and outputs output 
signals of the >t^spective first and second amplifier 
circuits to/^pixels provided in a matrix manner in 
a c c o r d a n or = with an alternation signal, and (c) a 
changeover control circuit that controls switching of 
the/^ij:-s-t and second c h an"g""5'T>s?^.ej;LC i r c u i t s so that 
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"bt an ofT'5Te-fe----AJuxLta ^e to be a^ EJJ-^ — fee— ^fe4ie-.4iijij 
by the first and second changeover circuits is cha^fT^ed 
for every predetermined number of frames and j>Ke offset 
voltage is canceled by frames whose numb^ex is twice as 
many as the predetermined number of :^ames- 

With the driving apparatujkf the noninverted input 
signal and the inverted i n^^u t signal are, switched by 
the first changeover cl^uit, and the output signals of 
the first and secor>d amplifier circuits are switched by 
the second chanj^over circuit, respectively. This allows 
to output tXe output signals that have been switched to 
the pixels provided in a matrix manner so as to drive 

tlT^ liquid — c rystal — disp l ay ap ja^ x^atus. 

When the difference of the circuit 
characteristics occurs between the two circuits that 
should have originally the same characteristic due to 
the characteristic unevenness occurred by the 
manufacturing process, it is most likely that an offset 
voltage occurs. 

In view of the deficiency, according to the 
present invention, the first and second changeover 
circuits are switched by the changeover control circuit 
so that (a) the polarity of the offset voltage to be 
applied to the pixel is changed for every predetermined 
number of frames and (b) the offset voltage is canceled 
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by frames whose number is twice as many as the 
predetermined number of frames. 

Tfr^^ une vennes s of the o t £ s e € voltages f or^^-^fertTe 
respective liquid crystal output t e rnMr-fr§T!s is thus 
indiscernible by the human ev.O'S'C^Thi s is because the 
offset voltage is ca^^r^eled in each pixel for the 
predetermined nxorp-krer of frames. This allows to carry out 
the displa^y^ith good quality. Thus, it is possible to 
provi^^Te a driving apparatus of liquid crystal display 
n-ppn r n t n n with — ca -s tt r ome -lry — high — ral iubi 1 i Ly^ ^ 

It is preferable that the changeover control 
circuit (a) counts the horizontal synchronizing signals 
or the signals each of which is outputted for every 
horizontal synchronizing period, (b) controls the 
switching of the first changeover circuit in accordance 
with the first changeover signal that has been subjected 
to the frequency division so that an integral multiple 
of the value thus counted is not equal to the number of 
the horizontal lines, and (c) discriminates whether the 
number of the horizontal lines is an even number or an 
odd number and generates, in accordance with the result 
thus discriminated and a vertical synchronizing signal, 
the second changeover signal that varies in 
synchronization with the horizontal synchronizing 
signal or the signal that is outputted for every 



-92- 



la 

*!«? 




horizontal synchronizing period so as to control the 
switching of the second changeover circuit in 
accordance with the second changeover signal. 

It is preferable that the changeover control 
circuit includes (a) the first frequency divider circuit 
that outputs the first changeover signal, (b) the 
second frequency divider circuit that outputs the 
signal that varies in synchronization with the 
horizontal synchronizing signal or the signal that is 
outputted for every horizontal synchronizing period, (c) 
the third frequency divider circuit that outputs the 
signal which varies in synchronization with the vertical 
synchronizing signal, (d) a logical product circuit 
that conducts logical product operation with respect to 
the discriminated result indicative of whether the 
number of the horizontal lines is an even number or an 
odd number and an output signal of the third frequency 
divider circuit, and (e) an exclusive OR circuit that 
conducts exclusive OR operation with respect to the 
output signal of the logical product circuit and an 
output signal of the second frequency divider circuit, 
the second changeover signal being outputted from the 
exclusive OR circuit. 

ITTs case , tn I y bpuus-e — to — t+te — output — a - ignal — 



^tjue- — to y i c cL 1 product: ci r cui t , Lhy — signal ( the — on t pn t 
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sXQM.^ — O^f — tJa-e — spcond f r P^gn «=^p r- y dJ- A ^ i p r ^ j jr^-iH ^ ) r that 
varies in synchronization with the signal that 
outputted for every horizontal synchronizing signal or 
for every horizontal synchronizing period, is/outputted 
as it is as the second changeover signal c/r is inverted 
and outputted as the second changeover ysignal. In other 
words, the second changeover i g n a 1 varies in 
synchronization with the horizont^ synchronizing signal 
and reflects both (a) t h^ d i s c r i m i n a t e d result 
indicative of whether the rmmber of the horizontal lines 
is an even number or an/odd number and (b) the vertical 
synchronizing signal ^carrying the information about the 
frames. In accor/Qance with the first and second 
changeover signafls, the changeover control is carried 
out with respect to the inputs and outputs of the first 
and second /ampl i f ier circuits. This allows that the 
offset voltage to be applied to the pixel is changed in 
its polarity for a predetermined number of frames and 
is oanceled for the frames whose number is twice as 

m- ariy — SrS — th-e — p r e det.Gr mi nod — numb e r — — frame s— ^ 

Another driving apparatus of liquid crystal 
display apparatus in accordance with the present 
invention is provided with (a) first and second 
amplifier circuits that amplify a noninverted input 
signal or an inverted input signal, (b) a first 



changeover circuit that selectively switches and outputs 
the noninverted and inverted input signals to be 
outputted to the first and second amplifier circuits, 
(b) a second changeover circuit that selectively 
switches and outputs output signals of the respective 
first and second amplifier circuits to pixels provided 
in a matrix manner in accordance with an alternation 
signal, and (c) a changeover control circuit that 
controls switching of the first and second changeover 
circuits so that polarity of an offset voltage to be 
applied to the pixel is changed for every 2m frames (m: 
a natural number) and the offset voltage is canceled by 
4m frames. 

— '^•^^^- ^^^^^^^'^ apparatus, the noninverted input^ 
signal and the inverted input signal are s wi tctx-etTlDy 
the first changeover circuit, and the oirt-ptft signal s of 
the first and second amplifier c>^r6uits are switched by 
the second changeover cir^G^rlt, respectively. This allows 
to output the oujyput. signals that have been switched to 
the pixej^-isr^provided in a matrix manner so as to drive 
t hpx^ i q^^ i ^ — cryst a 1 — H -i c:p Vay fj^jp paratus , 

When the difference of the circuit 
characteristics occurs between the two circuits that 
should have originally the same characteristic due to 
the characteristic unevenness occurred by the 



manufacturing process, it is most likely that an offset 
voltage occurs. 

In view of the deficiency, according to the 
present invention, the first and second changeover 
circuits are switched by the changeover control circuit 
so that the polarity of an offset voltage to be applied 
to the pixel is changed for every 2m frames (m: a 
natural number) and the offset voltage is canceled by 4m 
frames . 

The unevenness of the offset voltages for the 
respective liquid crystal output terminals is thus 
indiscernible by the human eyes. This is because the 
offset voltage is canceled in each pixel for the 
predetermined number of frames. This allows to carry out 
the display with good quality. Thus, it is possible to 
provide a driving apparatus of liquid crystal display 
apparatus with extremely high reliability. 

It is preferable that the changeover control 
circuit (a) controls the switching of the first 
changeover circuit in accordance with the third 
changeover signal that is a resultant of the frequency 
division in which the frequency of the vertical 
synchronizing signal is divided so as to be l/2m, (b) 
discriminates whether the number of the horizontal 
lines is an even number or an odd number, (c) generates. 



in accordance with a result thus discriminated and the 
vertical synchronizing signal, the second changeover 
signal that varies in synchronization with a signal 
that is outputted for every horizontal synchronizing 
signal or for every horizontal synchronizing period, and 
(d) controls the switching of the second changeover 
circuit in accordance with the second changeover signal. 
In this case, even when the number of the horizontal 
lines is changed, it is not necessary to consider the 
frequency division of the horizontal synchronizing 
signal. This allows to realize a source driver having 
high genera 1 -purpose properties. 

A driving method of liquid crystal display 
apparatus in accordance with the present invention, as 
has been earlier described, in which (a) noninverted 
and inverted input signals of first and second amplifier 
circuits are switched in accordance with a changeover 
signal and (b) output signals of the first and second 
amplifier circuits are switched and outputted to pixels 
provided in a matrix manner in accordance with an 
alternation signal, comprises the step of: controlling 
the changeover signal and the alternation signal (1) so 
that polarity of each offset voltage to be applied to 
the pixel is changed for every predetermined number of 
frames and (2) so that the offset voltage is canceled 



by frames whose number is twice as many as the 
predetermined number of frames. 

With the driving method of liquid crystal display 
apparatus, the noninverted and inverted input signals 
of first and second amplifier circuits are switched in 
accordance with the changeover signal and the output 
signals of the first and second amplifier circuits are 
switched and outputted to the pixels provided in a 
matrix manner in accordance with the alternation signal, 
respectively • 

By the way, the first and second amplifier 
circuits originally should have the same circuit 
characteristic. However, it can not be avoided that 
there occurs a difference between the circuit 
characteristics due to the reasons such as the 
unevenness in the process of manufacturing the amplifier 
circuits. This causes the occurrence of an offset 
voltage . 

In view of the deficiency, according to the 
present invention, the changeover signal and the 
alternation signal are controlled so that the polarity 
of each offset voltage to be applied to the pixel is 
changed for every predetermined number of frames, and so 
that the offset voltage is canceled by frames whose 
number is twice as many as the predetermined number of 



frames. 

The unevenness of the offset voltages for the 
respective liquid crystal output terminals is thus 
indiscernible by the human eyes. This is because the 
offset voltage is canceled in each pixel for the 
predetermined number of frames. This allows to carry out 
the display with good quality. Thus, it is possible to 
provide a driving method of liquid crystal display 
apparatus with extremely high reliability. 

It is preferable (a) to count the horizontal 
synchronizing signals or the signals that are outputted 
for every horizontal synchronizing period, (b) to 
control the changeover signal in accordance with the 
first changeover signal that has been subjected to the 
frequency division so that an integral multiple of the 
value thus counted is not equal to the number of the 
horizontal lines, and (c) to discriminate whether the 
number of the horizontal lines is an even number or an 
odd number and generates, in accordance with the result 
thus discriminated and a vertical synchronizing signal, 
the second changeover signal that varies in 
synchronization with the horizontal synchronizing 
signal or the signal that is outputted for every 
horizontal synchronizing period so as to control the 
alternation signal in accordance with the second 



changeover signal. 

Another driving method of liquid crystal display 
apparatus in accordance with the present invention, as 
has been earlier described, in which (a) noninverted 
and inverted input signals of first and second amplifier 
circuits are switched in accordance with a changeover 
signal and (b) output signals of the first and second 
amplifier circuits are switched and outputted to pixels 
provided in a matrix manner in accordance with an 
alternation signal, comprises the step of: (1) 
controlling the changeover signal and the alternation 
signal so that polarity of an offset voltage to be 
applied to the pixel is changed for every 2m frames (m: 
a natural number) and the offset voltage is canceled by 
4m frames. 

With the driving method of liquid crystal display 
apparatus, the noninverted and inverted input signals 
are switched in accordance with the changeover signal 
and the output signals of the first and second 
amplifier circuits are switched and outputted to the 
pixels provided in a matrix manner in accordance with 
the alternation signal, respectively. 

The first and second amplifier circuits 
originally should have the same circuit characteristic. 
However, it can not be avoided that there occurs a 
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difference between the circuit characteristics due to 
the reasons such as the unevenness in the process of 
manufacturing the amplifier circuits. This causes the 
occurrence of an offset voltage. 

In view of the deficiency, according to the 
present invention, the changeover signal and the 
alternation signal are controlled so that polarity of an 
offset voltage to be applied to the pixel is changed 
"3 for every 2m frames (m: a natural number) and the offset 
^2 voltage is canceled by 4m frames. 

The unevenness of the offset voltages for the 
respective liquid crystal output terminals is thus 
indiscernible by the human eyes. This is because the 
offset voltage is canceled in each pixel for the 
predetermined number of frames. This allows to carry out 
the display with good quality. Thus, it is possible to 
provide a driving method of liquid crystal display 
apparatus with extremely high reliability. 

There are described above novel features which 
the skilled man will appreciate give rise to advantages. 
These are each independent aspects of the invention to 
be covered by the present application, irrespective of 
whether or not they are included within the scope of the 
following claims. 



